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 FOREWORD

The Subcammittee on Radiochemistry 18 one of e number of
subcommittees working under the Committee on Nuclear Science
within the National Academy of Sciences - Nmtional Research .
Council. - Tts members represent governmment, industriel, end
university laboretorles in the areas of radiochemistry and
nuclear chemistry. Support for the activities of thie and
other subcammittees of the Commlittee on Ruclear Science 1s
provided by a grant from the National Science Foundation.

The Subcommittee has concerned itself with preparetion of
publications, encouraging and eupporting activities in nuclear
education, sponsoring sympoels on selected current topics in
radiochemistry and nuclear chemlstry, and investigating special
probleme as they arise. A series of monographe on tbe radio-
chemistry of essentlally all the elements end on redlochemical -
techniques 18 being published. Initietion and encoursgement
of publication of articles on nuclear education in wvarious
subject areas of chemistry have occurred, and developmsnt and .
imporvement of certaln educstion activitles (e.g., laboratory
and demonstration experiments with redloactivity) have been
encoursged and assisted. Radioactlive contamination of reagents
and materiels has been investigated and specific recommendations

This series of monographs has resulted from the need for
comprehensive compilations of radiochemical and muclear chemical
information. Each monograph collects in one volume. the pertinent
information required for radlochemical work with an individuel
element or with a specielized technique. The U. S. Atamic Energy
Commission has sponsored the printing of the serles.

Comments end suggestions for mrther publications and
activities of velue to persons working with ra.dioactivity are
welcomed by the Subcommittee.

~
1

N. E. Ballou, Chairman
Bubcommittee on Radiochemistry
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INTRODUCTION

This monograph on the radiochemistry of rhodium is one
in a serles covering the radiochemistry of essentially all
the elements. It is a revised and expanded version of an
earlier monograph. In it are included reviews of nuclear and
chemical properties of rhodium, discussions of methods of
sample dissolution and of separation reactions, descriptions
of counting techniques, and a compilation of rediochemical
separation procedures. ' o

Ag new Iinformation accumilates on chemical and nuclear
properties of rhodium and on separetion and measurement
techniques, consideratlion will be given to further revislon of
this monograph. Consequently as edditional information becomes
avellable in both published end umpublished form, readers are
encouraged to bring 1t to the sttention of the author for
poeeible inclusion in future editions of this monograph.
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III. ISOTOPES OF RHODIUM

TABLE I |
TABLE OF ISOTOPES OF RHODIUM

Nuclide Ty/2  Type and Energy (MeV) of Rediation
g 350 gt
gn%8 8.7um 8% 2.5

. y1 0.65
‘Bn°2 15 4 y: 0.086 (K/L 5), 0.253
Bh%° 4.71n E.C. (90%); B*: 0.74 (10%)

y: 0.34 (70%), 0.62 (20%), 0.89, 1.26, 1.41

ml% 20,8  E.C. (958); 8% (5%) |

't 2062 (Yusy, 2.07 (Y39), 1.26 (*13),

0.54 (*3.6), 0.15 (Y0.06) "
‘y: 0.301, 0.372, 0.442, 0.535, 0.742,
- 0.823, 1.108, 1.358, 1.557, 1.934,
2.379



III. TABLE (CONTINUEb)

Type and Energy (MeV) of Radiation

Ngclide T1/2
Rh101 4.7 d 'E.C.
v: 0.31
Rh101 5y. vy 0.125 (eg, 0.4), 0.190 (eg, 0.7)
RW192 205 a4 - a*/s” 0.84; E.C., ¥ 7.5%
- 87: 1.15 ' .
s%: 1.24 (*59), 0.76 (*21), o0.40 (*u),
y: 0.125 (*50), 0.200 (*60), 0.475 (*80),
0.635 (*30), 0.72 (*10), 0.79 (*10),
1.08 (*60) -
Rh102 1057 4 (Seme y's as above)
#R,103m 57 m I.T.
v: 0.040 (K/L 0.18, ey, 40)
RR193 Stable (100%) :
 gpl0im b,4m © I.T. (997%), 87(~0.1%)
Y1 70.051 (e, 1.9), 0.077 (K/In0.6)
(also, Rhlouy's)'
Bnl®* 448 g1 2.5 (98.5%), 1.9 (1.4%), 0.7 (0.08%)
vyt 0.556 (*100), 1.24 (*5.8)
ml%® 454 1.7 i
y: 0.130 (e/y 3, K/L 1.6) (Also, mn105 Y'sj
#1% . 36.51n 8”1 0.570 (96%), 0.25 (4f) _
' y: 0.320 ( 10%, a/y 0.018), 0.157 (very
weak) .
Bn106 130 m  B1 0.7

y1 0.220 (*18), 0.425 (*a3), 0.515 (*100),
0.61 (*26), o0.74 (*36), 0.82 (Ya5),
0.94, 1.07 (*39), '1.23 (*24), 1.38,
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ITI. TABLE (CONTINUED)

Nuclide Ty/2 Type and Energy (MeV) of Radiation

1.56 (t29), 2.26 (*1) (also, Bn1®®

(z0 8) y's)

- w106 30 8 B”: 3.53 (68%), 3.1 (11%), 2.44 (12§),
2.0 (3%), others (6%)
v 0,513.(21%, eK/y 0.005), 0.624 (10%),

0.87 (0.3%), 1.045 (1.7%), 1.14 (0.4%),
1.54 (0.2%), 1.76, 2.28, 2.42 (Also,
’n1% (130 m) yv's)

Bnt0? 24m  BT: 1.15 |

| y: 0.305, 0.3285, 0.570, 0.680
Bnl%® 18§  B": 4.5
Bn!%? 1hr 8"

* signified relative intensity

* From Rhm3 the succeeding isotopea'have been identified as
fission products. ' '

For a more complete list of the nuclear properties of the

rhodium isotopes aﬁd referénces to the original literature,

consult: "Table of Isotopes", Strominger, Hollander and
Seaborg, Reviews of Modern Phyéics; 30, 585 (1958).
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IV. REVIEW OF THE CHEMISTRY OF RHODIUM

- Rhodium is one of the rarest elemenfs, ogcurring'in
only one part.in 109 in the earth's crust; - It has not been
studied extensively and the 1n£érpretation of many of the
published results are quéstionable due to uncertainties of
-the complex species involved. In general, rhodium chemistry
regembles that 6f cobalt and, to ean even greater extent, that

. of iridium.

A. Metal. Metallic rhodium ig harder, tougher and
higher melting than platinum or pﬁlladium._ It, however, is
softer, mofe ductlle and_less brittle than metallic iridium.
It has é lower specific resistance then these latter two.
metals and mainteins a low and stable contact resistance
due to thé absence of oxide films on its surface. Metallic

- rhodium behaves more like platinum than pglladium with respect
to hydrogen. Compact rﬁodium absorbs vefy littlé Hy» while
finely divided rhodium ébsorbs H2 readilj; éonsequently,_
powdered rhodium serves es é very active ﬁydrogenation cata-
lyst. Some of the prqberties of rhodium métal ére listed in
Table II. '

Compact rhodium 1is quite resistant to éhemlcal.
attack bj acids, even aqua regia, and is attacked omly
slowly by bolling sulfuric acid..lAlkaline fusion 1s the
usual techhique for oxldizing the metal. Potassium acld
sulfate or potassium pyrosulfate fusion completely converts
rhodium to the water soluble Rh2(504)3. If the fusion is

_accomplished with NaHCOy and KNO, or with BaO,, insoluble |
oxides are formed. Fused metaphosphoric acid will dissolve
rhodium to somé extent, while e mixture of 02 and- HC1

reacts with the metal above 150°C.'

9



A number of reducing agents'such as ammonium formaté,
TiCl3; Hg, etc.,'will"reduce rhodium(III) to & black finely
divided form of rhodium metal. This form is readily soluble
in aqua regia or hot, concentrated sulfuric acid. The fused
salts I1isted above alsc dissolve the powdered metal. Solu-
tion may be achieved elther in concentrated hydrochloric
acld under pressure of oxygen dr in the presence of sodium
chlorate in a sealed tube at temperatures of 125 - 150°C.

TABLE IX ..
PHYSICAL PROPERTIES OF BRODIUM METAL [1.2j

Atomio Rumber 45
Atomio Welght N 102.91
Density - 12.42 g/cm®
Cryl;tal_ Structm'-e . Pace-centered cublec -
Metallio Radius - 1.247 1
Atomic Volume 8.29 ml )
mermal"cénductivity ' 0.210 cal/cm sec degree
Electrical Conductance 0.222 pohmse/cm
Melting Point N 1966°C
Boiling Point : 3727°¢
~ Heat of Fuslon _l . 5.2 Keal/mole
Heat of Vupbrization 118.4 Kcal/mole
Tonization Potentials . 277 (1st)
(Kcal/g atom) . 417 (est) (2nd) 716 (est) (3rd)
Thermal Neutron Croes " 140 berme (B.h104 42 8) .
Section _ 12 barns (H_hlo.m 3.4 m)

Attack by Cl2 on a wet bed of NaCl yields soluble BhCl.'_,J
(or'NESRh016). .

Direct union of rhodium with sulfur yields Bh,Sg,
hass, Rh,S, and EhgSg, but no gvidenqe has been reported
for the formation of BhS or BhS,. At 500 - 600°C fluorine
* attacks metallic rhodilum to form Rth as well aé some RhF4
and BhF5. At red heat, rhodium slowly oxidizes to Rh203 in
and to RhCl3 in streams of the gases.

BQ Oxides. In oxygen, rhodium volatilizes as the

dioxide at 800 - 1500°C but decomposes back to the elemental

10



state sbove 1100°C in an oxygen deflicient atmosphere.
Neither Rh,0 nor BhO have been definitely shown to exist.

+
1th
a”

NaOH is lemon yellow, water imsoluble, and acid_soluble.

The hydrous oxlde formed by the precipitation of th

Its stolchiometric formula is Rh203'5H20. Upon heating,
the ﬁatef is logt to form thé'yellow haos which is water
and acid insoluble. Unpublished work by one of the authors
(J:C.A.) using X-ray diffraction has shown that the black
amorphous Bh(Oﬂ)s'descrlbed in Sidgewick's. book is actually
metallic rhodium.

C. Oxidation States. Rhodlum differs from the

other Group VIII elements in the unusual stability of the
6xidation number IIT relatiVe to'ali others. Osmium ‘and
ruthenium, in particular, are characterized by a multipli-
city of oxidation states. For iridium, which rhodium most
closely resembles, the trivalent is the most important
state; but compounds of 1ridium 0, I, 11, IV, V and VI
_ are known and those of If(IVi have some importance. While
cobalt(II) is the characteristic species in many ionic
tetrahedral end octahedral complexes, in covalent complexes
cobalt is usually in the trivalent state. This 1s in ag;ee;
ment with the fact that rhodium compounds in ggﬁeral exhibit
a high degree of covalency and have a strong preference for
the oxidetion number ITI. "

Very little is réborted concerning the oxidation
poténtials'fér'rhodium;* Latimer [3] Has published Bsome
_éstimated}valﬁeé whioh are summarized'1n'this’oxidation'

potentiel diagram in acid solution:

-0.6v .. =0.6v “1.2v . ., =1l.47 -1.46v -
eh° Bh*? Bh*2 > %+ ‘BhOZ.

R
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Bhodiumgoz, Several carbonyls have been reported such as
[Rh(CO)4]n, [Bh(CO)5]n end [Bhe(C°)11]n' The first
seems to be a yellow dimer, [th(co)e]. which decom-
poses at 76°C. ' '

BRhodium(I). Examples reported are [Bh(CO),Cl],, [BRh(CNR)/IX
CgHgRNCL(A8Ph,) and BNC1CO(PEt,),, where B = p-tolyl,
p-chlofophenyl; X =Cl17, ClO4';_AsPh3 = arsines;

PEt3 = phosphinésl_ '

_Bhodium!II!. Although RhO, RhS and RhCl2 haye all been
. reported, there.exists.doubt about fhe'validity of
. tﬁese reports and 1f is possible thgt no simple com-
pounds of this oxidation state exist at all. Some
ammines and arsines haﬁe elso béen reported, as well
as.[thyij2 where _
| Dy = pyridine
X - helide. |
Several complexes supposedly of rhodium(II) have been

shown by nuclear magnetic resonance studies to be
rhodium(I).

Bhodium(IIT). This oxidation stete is . discussed separately
in the following section. '

D. Rhodium(IIT), the most common oxidation state.

This ls by far the most common'and best studied oxidetion
state. In coﬁmon with the Other plétinum group elements,
rhodiuﬁ(III) rarely.fofms simple compounds but rather shows
a strdng tendency to form poiynuclear complexes. As a
result, aﬁparently slmple compounds such as Bh(OH)s end
EhCl3 éxist in several forms. For example, 1£ BhCl, is

made from rhodium metal héated in a stream of chlorine,

12



it 1is insoluble in water and acide- if it is made from
the hydrous oxide. B OI'SHZO by the action of hydrochloric
acid, it 1is very solublel The soluble form can be converted
to the insoluble form by high temperetures. If alkall is
added slowly to.Rh013 in.solution, jellow.cryEtels,'having _
the'composition'Bh(OH)S'HZO and readily solhble,-fdrm.
Bh;(S0,), also exists in ‘two forme--a”yellow'one and a red one.
M. Lederer and coworkers have made the most detailed
etudy of the problem of the species ‘actually present in some
inorganic systems. [4-7] ~Commercial thl3 dissolved in 6N
hydrochloric acid reached equilibrium in two days at room
temperature as shown by the absorption spectrum. On elution
"with 6N HCl through Dowex=-2 anion-exchange resin, 70% of the
rhodium passed through the- column rapidly as a red band which
was found to have an’ absorption spectrum in good agreement
with that reported by Jorgensen (8] for the hexachlororho-
~ aate(III) ion, BhClg'. The remalnder wae in & form which

was strongly adsorbed as a red-brown bend on the Dowex-2 column.

e

:

8
S

Optical denslty

2
8

B ©
Q100

600 500 400  A(mp)
Fig.1, Absorption spectra of cluate when a solution of thodium hydroxide in 6 N HCl on a Dowex-2
column is eluted with just over 1 column volume of 6 N FHCI. (a) Aged 1/4 h at room temperature.
No adsorption on a Dowex-z column. (b) Aged 2z days at room temperature. Weak red band
(RhClg—®) and strong tan band (Rh(HgO)Cls—9) on a Dowex-2 column. (c) Heated 1 h at 100°.

: Strong red band (RhCls~%) and weak tan band (Rh(Hy0)Cls~9) on a Dowex-2 column (Ref, 6)
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A solution of BhCl, or Bh(OH); in 6N HC1l on
.refluxing at iiooc_reéched equilibrium: in an hoﬁr.. By a
combination of élution from Dowex-2 and abgorpfidn sﬁéc-
trometry, evidence was obtained fof a serles of sqccessi%e
reactions as follows: | . _ .

Rh(OH), + 6N HC1 - catlonic and neqtrgl'coﬁplexes -

[Rh(H,0),C1,1"" = c1311(r120)015]'2 ~ [RhC14)~C.
At,equilibrium,.the'rhodium is about 95% in the_BhClg; form.
It was suggested that refluxing in 6N HCl_followed by pas-
sage through a Dowex-2 cblumm_would separate Bh rfom Co,
Cu and Bu.. The small émount of rhodium (p:esumably_gs
' polynuclear complexes) which adsorbs strongly on the anion
resin would reduce.the attraétiveneas of this technique.
Refluxing of ammonium hexachlororhodate in 6N HCl .yielded
mostly BhCla3 but, also, appreciable amounts of another
species, Which the:aﬁthoré.suggest 1s-probab1y”Bh(Nﬁ3)Clgz.

In 0.5N. HCl rhodium chloride was found to be a
‘mixture of up to six complexes with a slowly-attainéd
equilibrium. The ratio of the complexes_depends on_ﬁhe

mode of formation and the age of the solution.

Q100

Rh(H0)Cly (?)
) (eronge-tan)

%.

Optical density
8
3

0100} Rh(Hz0:Cly (7)

Qo50r

400

600 . 500

. _ A(mpu)
_Fig. 2, Absorption spectra of Rh(III) complexes in 6 N HCL (Ref. 6)
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Similar results were found for HBf,'HNO3 and'HZ'SO4
golutions. An unstable intermediate cation was found to
form in all but sulfdric acid.  This, ae well as the fact
that of this group only sulfuric acid can dissoive rhodium
.metal. feflects'the.sfronger'complexing power of sulfate
with Rh(IIi); The observations of'Lederer hay be summarized
~ thusly: | ' . '

Cationliec
omplexes

A sulfato anlon H, S0 HCl or HBr Intermee Neutral

+ small amounts 2" 4 Rh(OH) diate
__—-___9
of a cation 3 cation  complexes

’ o Anionic
HNOS ' complexes

| Intermediate catiQE\\

'Divalenf cation, rgbably Traces of other cations,
[Rh(HzO)sNOS? probably [Bh(Hzo) 1+

The jelloﬁ rhodiﬁm sulfate mentioned previously wes.ehown to
have the [Rh(H20)6]+3 cation presenf. The red form ig a
mixture, one species being the anionic trisulfato complex._
[Bn(50,)517°. |

Tt was shown also that the removal of the coordinated
chloro gfoﬁps from the rhodium-chlofo salts is not complete
in one precipitation es the hydroxide. To completely remove
the coordinated chloro groups from 'Bhodium hydroxide' at
least silx repeated precipitations and dissolutions in HC10, -
weie required. The final product'showed a_single Band when
submitted to'paper electrophoresis. -

This study by Lederer's group has been_complemented
by Wolsey, Reynolde and Kleinberg [9] who used Dowex-50

catlion exohenge'resin to separate the species present in

the rhodium(III)-chloride system. The complex species were
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adsorbed on the resin bed from the chloride solution; they
-wereleluted'from the column by means of perchloric_acid
solutions of Th(IV). The rhodium complexes eluted_in
separate distinct_bands which were analysed for rhodium _
,and free hydrogen ion;- This allowed calculation of the charge
on the complex.species'per rhodium(III) atom. The species
were also studied for'their'absorption bands and molar .
absorptivity The authors further were able to calculate
‘the successive formetion constants from the equation

(Rnc13-D)
(sh013'1'n) (cmy

ky, =

The results of this investigation are listed in Table III.
.The two maxima in the absorption spectra for all species is
in accord ﬁith-Jorgensen's predictions that these complexes
_should‘exhibit transitions to two singlet and two triplet
'lerels. The absorption masima'of the chloro complexes8 show
a shift to longer wave lengths with increasing number of
chloride ligands. The agreement with the'spectroscopiq
measurements of Lederer and coworkers is good for the
cationic species. However, the spectra assigned to BhCl
_and BhC1Z are not in sccord with those which Kristjanson

" and Lederer assigned to these species. Rather, the spectra
of these complexes reported by Krlstjanson and Lederer resed-
ble roughly the spectra assigned by Wolsey et al. to RhCI2

and RhCls. Otherwise, this work and the studles of Lederer s

group are in substantial agreement.
This multiplicity of epeclies is not restricted to
the inorganic complexes of rhodium. When pure rhodium(III)

=3

_hydroxide 1s heated with oxalic acid, BhOx;~" is formed to

a great extent. [iO] The reaction does not go to completion
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© TABLE III

Moler Formation
Specles Mex Absorptivity. ggnigggg?
o (ma) : E)
| T k)
Bh(H,0) 3" ' 311 67 .4
396 62.0 |
Rhc1t? | 335 50.0 - s10°
- 426 50.4 _
BhC13Y 349 49.5 - >10°
: 450 . 64.9 |
BhCl, (cis) 36 .. 93.5 10°
474 68.3 . (cis + trems)
BhCl, (trans) 370 - . 71.6
_ S 71 A
0 385 - 54.1 - 2850 & 120
. 488 72.0 |
“Enc1Z? . 402 - 3.4 25 + 8
' 507  72.8
BhC1g° a1 93.8 - 0.56 + 0.18

518 o 111.5

as other aquo-coordinated oxalato complexes of rhodium are
formed in smell quantities. in'order to bbtain_complete

-conversion of rhodium(III) 1nto_potﬁssipm trisoxalatorho~
.date(iII),'the'chloride must be erluied with four to five

times its'weight of potassium oxalate for at least six hours.

E. Physical Properties of BhodiumgIII} Compounds .

Reliable data is rather scarce for rhddium(III) ‘compounds .

A Bummary'of some data on solubility, melting point, ete.,

is listed in Table IV.

- F. Complexes of Rhodlum(III). A rélatively-large

number of.rhbdium(III) complexes are known. Even.fhe:simple

salts reedily form autocomplexes. In the great majority;of
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81

PHYSICAL PROPERTIES OF Rh(III) COMPOUNDS

TABLE IV

: : Color and’ ben :
Compound Mol Wt Crystalline aity  M-P- - B.P. . Solubility
Form Loy : .
RhF, 159.91 - red, rhomb. 5.38 ———— 3800 Insoluble in Z50, HC1,
: : : : {subl) -HNOz, HZSOQ, NaOH
RhCl., 209.28 br. red powd.y ====  450- . 800 Insoluble in Hgo acids,
- deliq. - 500(d) (subl) alkalies _ ’
RhCL, *XH,0 — dK. red === a " eme=  Soluble in Hzo. HCl,
Y ' alcohol :
RhI, 590.04 ——— SV —— «==="  Insoluble 1n Hzo, |
aclas, alkalles _
Rh(NO;) 288.93  br.-yelloW  ==-- d ~—==  Soluble in H30, insol-
uble in alcohol.



6T

Bh(N03)3°2H20

Bh203'

Bh203'5H20

BhO2

RhOz-xHZO

Rh2(50

a)a12H0

. Bh253

Bh(505)5+6H,0

224 .97

253.82 .
343,90

134.91

710.21

202.02

544,11

red, deliq.

gray, crys.

‘or amor.

yellow
brown

olive-green

. Yellow
" black

yellow

1100-
1150(4a)

d

Soluble in H20, insol-
uble in alcohol

Insoluble in H20,
acids, alkalles

Soluble in hot H20,
aclds

Insoluble in H30,

‘acids, alkalles

Soluble in HCl

Soluble in Ho0, insol-
uble in alcohol

Insoluble in HpO0,
acidgs .

Soluble in Hs0, insol-
uble in algo ol



cases, rhodium(III) complexes exhibit e coordination number
of 6 and en octahedral structure. The bonding is of the
inner orbital dzsp$.type. 'The chemistry of Rh(III) complexes
1n'géneral is rather similar to that of Co(III) compiexeq and
Ir(III) complexes. Due to the lanthanide conﬁractioﬁ, the
radil of the 4d metal ions are more similar to those of |
_the 5d elements than those of the 3d e1émen£s;~ The éd_aﬁd
5d electroﬁs in the second and third.transition series'gre _
_Ieés tightly_held to the metal atom than afe the 3d electrons
1n the first'transition serles. As a conﬁequence; molecular
orbital formation ocdurs.more reédily. In addition, in a '
. ligand fleld the cryétal fie1d stabilization energy (10Dq)
befween thé spliﬁ d orbitals 1s ldrge.with the result that
charge-transfer states have lower energies than crystal field
'states. A further problem is that 1t 1s-not po§s;b1é to '
tréét spin-orbit coupling és'a minor pertdrbation in the 44
and 5d elements. All this 1ncrease§ the difficﬁltj of infer--
pretation of data on such complexéslas those of Bh(III).

~ One direct congequehce 6f the_increased'lével .
'_'Bplitting in 4d.elements is a far greatef_tendency to form

- low spin (smallest nuhber of unpaired electrons)'complexes.

In Bh(III) this results in the tgg e conflguration since
the tzg orbitals are lower in énergy;. Experimental cbnfir- :

mation of thls is found in the fact that Rh{(III) complexes.
are dlamagnetic. o _

. Jorgensen [11] has atudied the_absorption spectra
of-a number of Rh(iII) compiexes, Again, he assigns thg
low spin tgg configuration aé_the groﬁnd staté. This is.

- designated as 1A1 . The singlet excited states are 1T1g'

g
and szg.belonging to the configuration (tgg)(eg). Some

of Jdrgensen'S'results are tabuiated 1n Table V.
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_ TABLE V
SPECTRAL TBANSITIONS IN Eh(III) COMPLEXES

= chplex-' Transition : .Frequency (cm';)
T 1 1 -1
[Bp016] R PP 19,300 Dy = 2160 cm
1A1g - 1ng 24,300
1A1g - 3T15 14,700 Spin forbidden band
[EhBrg1°" 1A1g - 1T1g 17,900
3- 1 1 . oan
_[Rh(c204)3] Alg - T1g 25,100
1A1g - 1ng 30,000
1A1g - STig 19,200 Spin forbidden band
3+ 1 1 -1
[Bn(H,0) 4] Ajg = Ty 26,000 Dy = 2770 cm
: 3+ 1,  _ 1. g
[Bh(NH,)g] Ay = Tyg 32,700
1A18 - 1'1'2g 39,100
[Bh(en),)%* 1A1g --'1T1g 33,400 -

' The covalent nature of the Rh(III) complexes is
reflected in their relatively inert Kinetlc behavior. The
mﬁltiplicity'of species isolated by Ledérér reflecfs the
slowness of the rate of exchange; -In general, BRh(III)
comﬁlekes aquate at a rate intermediafe between ﬁhose of
Co(III) and Ir(IIT). TIn contrast to cp(IiI) and Ir(III),
‘however, the monochloropentaaquorhodium(III) aqgates faster
than the monobromo analogue. Basolo and Pearson [12] 1ist

the rather_séanty date on exchange rates in thelr text. 1In
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general, the cationic and neutral species are more kineti-
caliy inert.than the anionic compléxes; The greoter lability
of the enionic species has been attributed to-a.more rapid
unimolecular dissoclation otep. Presumablj, the cationio

. and neﬂtral'complexes can react only by undeérgolng & slow
bimolecular substitution.-

o [Rh(CN)s]'3 is a particularly stable species, being
unaffected by prolonged boiling in concentrated sulfuric
acid. FPour types of halide complexee are known: MSBhXG;
M,BhX;, M,BhX, and M,Rh,X. where M is ususlly a large cation
such as a protonated organic base and X 1is chloridé or bromide.
Two anionic COmplexeé, [RhX6]°3 and [Bh(sz)xsl'z, where
X-= C1°, Br~, SCN, are important in rhodium solution
chemistry. It is noteworthy'that Co(IIX) does not form
the analogues of these anions; [Rh(SCN)ﬁ]'3 is quite stable
" and as Hs[Rh(SCN)GJ can be extracted with amyl alcohoi. _The
| insoluble elkali and alkaline earth selts with_thé [Bh(NOz)s]E'
ere important in several separation schemes.

Usually it is possible to.prepare witﬁ'a particular
"ligend a multiplicity of.rhodiUm complexes up to the satura-
- tion of the coordination number of Bix. When one of the
_oxalato'complexes, cis-Kz[Rh(0204)2012]; is subjected to
‘prolonged boiling or evaporated to dryness, the trans isomer
is formed. However, there ie no rapld racemization even at
100°C, so the stebility of rhodium complexes is again demon-
strated; - The malonato complexes show the same stability . in
solutions as the oxalato complexes. The complexes with
ammonia ranging from the hexamine,.[Bh(NHS)s]xs. to the
monamine, szﬁh(NH3)151- and pyrioiné have been studlied,
and the latter complexes provide the basis for an lmportant

extraction separation. With dimethylglyoxime (DMG) rhodium
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forms'a:dichelate'complex wilth the two remaining coordina-

tion sites occupied by NHé“or c1-.

CHy - C = N -0
Bh(NHz) ) X
CHy - C = N7/,
OH

This compiex.is more stabie than the correspondiﬁg one for
cobalt but less so thén the one for pélladium. As & conse-
quence, it is posslble to precipitate palladium with DMG in °
hydfochloric acid solution while rhodium remaine in solution.

Jorgensen [8] has reported on the hydrolysis of .
rhodium(III). In titrating Bh(OH)3 with HClO4, it was
observed fhat flocéulatién disappeared about pH 5 but
turblidity persisted until pH 3.8. Thgréfore, Bh(III) would
seem to behave to.hydrolysis soméwhaf like the'trivalept

lanthanides and Cr(III). [Bh(NH,)y(H,0)1* has a reportea

a)s
value for the pKa of 5.9 at 25°C which is comparable to the
analogous cobalt aﬁd”chromium'cationsi [12]

It should be kept 1in mind in wofking with rhodlum
complexes that these compounds frequently have more than
one formula unit in their molecular sﬁructure.' A good
exampie of this is the red compound corresponding to the.
simple formula Kzﬂh(0204)3*4.5H20. Nuclesr magnetic reson-
ance data have provided the basis for assigﬁing_to this

compound- the formula Kg[Rh(C,0,),]1[Bh(C,0,),(HC,0,) (OH]-8H,O0.

V. SEPARATION OF CHEMISTRY

A. Precipitation. Beamish [13] reports that analy-

tical methods for the determination of rhodium are few in

number and no gravimetric reagent is specific for a practi-
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cal eeparation. However, since the radiochemical'procedures
which follow &re based in a lerge part_on the standerd analy-
- tical separation scheme, it is well to describe that stendard

‘method.

Osﬁium is removed first by distillation of OsO4 from
ﬁitric acid solution. BuO4 diatilletion from dilute sulfuric
acid containlng bromate removes ruthenium. Palladium. rho-
dium. iridium and platinum are precipitated as the hydrous .
oxlides ggain in the presence of bromate. Hydrolytic preci-

" pitation of rhodium ie complete at a pH of 6 leaving plati- .

num In-the.eupernatant solution. This precipitation must

be repeated if the rhodium is to be quite free of-platinum.
| The oxides are then dissolved in HCl and palladium precipi-
tated with dimethylglyoxime. Rhodium is separated from
iridium by reduction to the metal wlth TiCl in hot sulfuric
acla. Again, this precipitation may be repeated to eliminate
_all the iridium.- The rhodium- metal is dissolved in hot CcON-
'_centrated sulfuric acid and precipitated with H,S. This is -
ignited in air, then in hydrogen and, finslly, welghed as

metallic rhodium.

A colorimetric method using SnCl, and HCl has been
reported by eevefal-groups. (141 Both the SnCl2 method and
one using Z;mercaptobehzoxazole have been developed for the
determination of rhodium in the 25-200 microgram range. [15] "
Ayres and Youﬁg have also reported a'coloriﬁetric procedure
which is frequently'used. [16] A more recent publication
describes a colorimetric reagent, 2 ethylaminoethanethiol
hydrochloride, whlch has the advantage of equecus solubllity,

for trace amounts of rhodium. [17?]

Beamish [18] hes recently reviewed the recovery of
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rhodium and other platinum group metals_from ores and con-

centrates by wet assay. ' '

‘Bh, Ir, Pt, Bu and Pd can be isolated from such base
metals as gold, copper, zinc. etc., by filrst converting the
former to soluble stable nitrite complexes followed by pre-..
cipitation of the base metals as hydrous oxides. The nitrite
complexes of the platinum group metais are changed to the
chloro form and precipitated by aﬁmonium cﬁloride. [19]

- Rh, Ir and Pd can be peparated_from Pt by coﬁtrolled
hydrolysis of the chloro complexes in.the presence of bro-
méte. [20] Another technique [21] reports a method of
separating Bh, Ir and Pd from Pt by oxidafion of the metals
tb their higher valence states aﬁd precipitation pf BRh, Ir
and Pa by hydrolysis of fhe solution to pH 6-8 with sodiﬁm
acid carbonate. _ | B

Lloyd and Morris [22] have described a p?ocedure
for the.separation of milllgram amounts of iridium and
rhodium from each.other using calomel and hypophosphorus
acid. The final rhodium semple contained only 0.006 mg of
iridium when the initial sample contained 30 mg each of rho-
dium énd iridium. Tt would seem that this method could be
adapted profitably to radlochemicel separation.

BRhodlum as well as iridium'and platinum can be
quﬁntitatively separated from palladium with dimethylgly;
oxime [23] or with B-nitroso-a-naphthol [24] Rhodium can
be separated from lead, nickel and gzinc with thiobarbituric
acid. [25] 'Similarly, it has been shown that iridium and
. rhodium can be quantitatively precipitated by thiourea.'[26]
Inéomplete separations of rhodium from iridium have been

- achleved by.selective extraction from fused sodium bisulfatg,

[2?] fusion in lead, [28] amd reduction of chloride complexes.
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{297 A quantitative separation of rhodium from iridium can

be achieved [20] by the reduction of Rh(III) to rhodium
metal as described in the standard method described earlier.

A number'of authgrs have described other methods of separat-
ing rhodium from 1ridium, most of which involve reduction of
Bh(III) to rhodium metal. [31-35]

A method for the determination of'rhddium in uranium-
rhodium alloye employs'ébsofption-spectrometry u'eiﬁgSnCl2
reegent. [36] It is recommended that the absorption be
measured at 520 mu -rather than at 475 mp which corresponds -
to the maximum of fhe absorption curve. This #voids inter-
ference by U(VI) which asbsorbs strongly at 475 m@ but not
at all at 520 mp. - '

B. Electrodeposition. MacNevin and Tuthill [37]

have reported the selective deposition of rhodium on a
platinum cathode by.electrélysis of a solution fdr 1-i/2':
hours at a voltage_which'was_decreased_steadily from -0.25v
to -0.407. ~Addition of 3;5M ammonium chloride_to the solu-
tion produced.quantitativé separation from iridium in the
deposited rhodium. Eléctrodeposition of_rhodium has been
studied by Bubernak [38] and reviewed by Fisher and Leon-
nara. [39] '

© .C. Distillation. Parker and Grunditz [40] have

described a sepaiation of Bhlo3

from a ruthenium target.
The target was placed on a tungsten filament and heated
for one minute. Approximately 20% of the rhodium was col- -

lected on & Zapon film. .

D. Sdlvent'Extraction. In addition to the standard

precipitation techniques, the radiochemist is interested

whenever possible in using solvent extraction ahd/of_ion
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exchange for separations. .Again here, the data on rhodium_
1s best ﬁescribed as fragmentary. Morrison and Freiser [41]
ﬁrésent what dﬁta there 1s on solveﬁt extractioﬁ aé descrisgd
in the rest of this sectlon. _ _

_ﬂith.the hﬁlides, no data éxist for fluorides or
chlorides. RhBr3 does not gxtract into isopropyl ether from
3M HBr{ With methyl isopropyl ketone, RhIé_ig‘partially
extracted from lodide solutlion contalning 5% HCl. Both
rhodium and ruthenium extract quite well 1n the presence of
lead, although thelr extraction 1s slight otperwise. The
extraction of Rh,.Ru, Pd and_Te(IV) 1s less than 5‘ from
1M nitric Qac_id by dib_utylphospho-ric aclid. Two useful
extraction gystems.do exist with.pyridine and with thénoyl-
trifluoroacetone (TTA), and.bdth of these are described in
the sepafation schemes which follow.l Wish and_foti [42] .
have develbped a sqlfent extraction separation_séheme.for_

- Ag, Cd and Rh usaing triisqoctylamiﬁe. |
It has been'shown_ghat cltrate complex.of rhodiuﬁ:_

can be extracted as a substituted ammonium salt._[u3]

E. Ion Exchange. Trivalent rhodlum may be absorbed
on Dowex-50 cation exchange resin from weak acid solution
and subsequently eluted wlth moderate or strong concentra-

tions of hydrochlorlc acid. No appreclable absorption was

obsefved on Dowex-50 resin in 0.1 to.12N HCl..[Hh] This has
- been confirmed by Nelson, Murase and Kfaus, [45] who report
that the distribution coefficient 1s less than unity between
0.2 and QM HC1. The study by.Woisey_gE_gl. of the specles
in chlorlde solutlons has been discuased'ear;ief.

Befman andIMcBryde [46] have studied the separation

of rhodium from Pt, Pd, Ru and Ir using IRA-400 anipn exchange
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resin. Rh(III) had a lower X (resin distribution coefficient)
than any of the other ions in hydrochlorlc acid and thus could
be eluted first. The'sepérations studled were:
a) Rh-Pd: Loaded column in 2M HC1; Rh eluted
with 2M HC1, then the Pd with 12M HCl.
b) Rh-Pt: Same'procedures as above.
c) Rh-Pd-Pt: Loaded column in 2M HC1; Rh eluted
| © with 2M HC1, Pd with 9M HC1 and Pt
" with 2.4M HClOu. | _
d) Rh-Ir-Pd: As above in (a); Rh and Ir(III) eluted
together. 1n the 2M HC1. | '
They suggest that Ru(IV), Hﬁich also has a high'KD, can be
used fpr the sepération of Ru from Rh. Ce(IV) would be used
to insure formation of Ru(IV)_and the rhodium wculd agaih be
. eluted with 2M ﬁCl. 'However,.undér these conditions it was
not possibie to remove the rhodium quantitatively from the.
resin bed, dluett 33451. (47] had noted earller that it was
more difficult to remove rhodiuﬁ.frqm anion resin after
adédrption from a fresh solution of chiororhodate than'frbm
an oid one, .As a result, 1t 1s necessary to use Ir(IV)
(which has a very high KD) in the separation of Rh and'ir
with hydrochloric acld eluant. Thils behavior of fresh vs.
old solutlons as well as the hon-quantitatiVe-removal éf
Rh(III) 1s explalned by'the'fesults of Lederer described
previously. o | | _
" Kraus and Nelson [48] also reported low adsorption on .
Dowex-1 of Bh(III) at all HC1l concentrations. Rh(IV) showed
strbng adsorptioh in the same system and the& réported that 1t
was diffiéult to remove these complexes by HC1l solutions.
ShimoJiwa [44] observed slight adsorption of Rh(III) on Dowex-1

for solutions between 3 and . 12N HCl but significant adsorp-
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A: Irctd™
B: PtClg™
c: Pdcl; -
~ D:RuClg™~
E:Ircg -

F: RhClg®~ -

ol 1 1 1 1 1 |
o 2 & 6 8 10 1
MOLARITY HCI

_ Flg. 3. Distribution Coefficients with Dowex-1 (Ref. 46)

tion at concentrations below 3N. He found that the best way
to recover the strongly adsorbed rhodium from the resin was
to keep 1t bolling in 6N HC1 for many hours. This presumably
2llows conversion of the adsorbed polymeric specles into the
RhClg3 form which has a very small distribution coefflcient.
Other.ion exchange techniqugs 1n§olv1ng rhodium separations
afe_reviewed in the book by Samuelson [#9]. A récgnt article
by Evans, Bloomquist and Hughes describes the analysls of
"Rh(III) in ?u-U-alloys uslng separation wi;h'Dowex-l column

elutioh and spectrophotometry [50} (see_Procedure 13).

F. Paper and Electro Chromatograpgy. Kember and
Wells [51] and Lederer [52] have.feported technlques for
separation of rhodlum by baper chromatography (see Modifi-
catlon II, Procedure 15). Several procedures for chromato;
graphlc separation of the platlnum group elements, including

rhodium, by use of cellulose columns have been described
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[53-56]. Two groups have discussed electrochromatographic

separations_[57,58].

G. Dissoldtion Techniques. The difficulties of

dissolving metallic rhodium have been dlscussed 1n an earlier

sectlion. It 1s obvious from that discussion that dlssolution
of rhodlum folls following irrﬁdiation is quite difficult.
Smith [59] attempted to dissolve a foil after an alpha'barticle
108) witn KNO,-KOH and also Nazoé
with no success, probably due to the surfgce formation of

bombardment (to produce Ag

insoluble oxides._ However, he found'that approximately 10%

106 was extracted by the Na202 melf. It would seem

of the Ag
that the éulfate fusions are nedeSsary for successful quan-
titative dissolution of rhodium foils,_whereas aqua regla
suffices fbr the finely divided metal. A private communi-
cation to one of the authors [60] outlines s method of .
dissolving up .to two grams ofi3-mil rhodium foll. The-foil
is cut into small]pieées and mixed with equal portions of
granular biémuth and powdered charcoal in a porcelalin cru-
cible., The crucible 1s then heated with a gas oxygen torch
unt;l~the'bismuth beqomes molten. After cooling, the'melt
1s ‘dissolved in cohcentrated nitric acid. One fusion will
dissolve 80 to 90% of the foll.  The fusion can be repeated
t§ put the remaindér in solution. A_satisfactory procedure

for dissolution of ﬁetal targets is descrlbed 1n Procedure 20.

VI. BIOLOGICAL ASPECTS OF RHODIUM

The biological hazards and the environmental.behg?ior
of ruthenium and rhodium are discussed by Auerbach and Olson
(61]. These authors pay partlcular attentlon to the contamina-

 tion of our environment. due to fission product fallout.
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VII. ACTIVATION ANALYSIS

104 in neutron activation

104

Two groups have used Rh

'analysis.u The photopeak at 550 kew for Rh (42 sec. half-

life) was measured by Melnke and Steele in a non-destructive

methdd followlng a 42 sec. irradliation at a thermal flux of

1

10%2 n/cmZ/Beg.'[62]; As little as 0.1 microgram of rhodium

was measurable 1n the absence of interfering materials

104m

(Table 6). Miller [63] used Rh (4.4 min) and ééintil-

. I
6x104 |— —
’ . o)
NON-DESTRUCTIVE METHOD

- .
< 5x10° |— : . -]
w
a
3 . )
x .
2 4x10*—
L : F N
z
w .
5 3x10*|— : —
z .
[
oy

2x104 —  Callbratlon curve for - —
hid Rhodlum determination.
g 42 sacond Irrodiation
K- at thermal neutron flux
© 1x10% |— : of 1x10'® N cmZesec!

"0 | | | | |
0 0.2 0.4 0.6 0.8 1.0

" MICROGRAMS OF RHODIUM

Fig. 4. Curve for non-destructive testing
for rhodium, 42 second irradiation
et a fiux of 1012 n/m®/sec. (62)

lation spectrometry followlng a one-minute irradiation at .
a simllar flux. The procedure for activation anaiysis of
rhodium using Rh'CY® in a destructive method is described

in Procedure 1.

VIII. COUNTING TECHNIQUES

Little in the way of unusual methods 1s reported.-
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The reader is referred to the monograph by G D. O! Kelley {65]
for a dlecussion of the normal techniques in Geiger, propor—

tional and scintilletion counting.. Roos has reporteq a K

Table 6

Results of Activation Anélysis_[62]

Irradi- Chemical  Micrograms Rh

Metrix . ;iign 'Separation' Added  Found
H,0- -HCI' 42 s . .. None | ; 0.01  0.011
H,0-HCL h;'s None - 0.10  0.095
H,0-HC1 42 s  None - 0.25 - 0.24

H,0-HC1 42 s None . 0.50 . 0.50
H,0-HC1 42 s None -~ 0.75 0.7h
S10,-A1,04 42 s . None 0.50 0.53

.SiO -A1203 42 8 None .l0;75 0.77

$10,-A1,0, 42 s . None - 1.00  1.02.

H,0-HC1 5m Pyridine  0.10  0.09
_ o Extraction

H20-Hcl".' 5 n Pyridine 0.50 0.48
Extraction

H,0-HCL 5 m Pyridine  1.00 1.0l
: : : Extraction

510,-41,05 5 m Pyridine - 1.00 1.04

Extraction

Day, Fox and Hyder have described [6”]

an activation technlque using the formation of

103m after scattering of neutrons above 100 kev
energy. This provlides a measure of relative fast
neutron fluxes. The 57.4 min. Rh'93™ was mea-
sured by scintilletion counting. Since the
energy dependence of the lnelastic scattering
cross section of Rhlo3 1s similar to that of

the fisslon cross section for U23B, the results

have direct relevance to reactor calculations.
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fluorescent yield of 0.786 * 0,015 for rhodium [66].

Table 1 1s a summary of pertinent data of the isotopes of
rhodium which are of importance in choice of a counting
system and in quantitative evaluation of the counting daté.
Figures 5 and 6 are gamma ray spectra reported by Heath [67]

106—Rh106 system. Figures 7 and 8 are similar

104m

for the Ru

spectra of Rh reported by Miller [63].

IX. COLLECTION OF DETAILED RADIOCHEMICAL PROCEDURES

Before proceeding to the collection pf 20 procedures
included here, it must be emphasized that these procedures
have not been evaluated by the aﬁthors in the laboratory.
Procedure 15 has been used with satisfaction following
proton hombardment of ruthenium. Of the fisslion product
separations, Procedure 2 by Croall and Glendenin would seem
to be very satisfactory. These authors and Chenley, Osmond
and Perry (Procedure 3) have evaluated the older methods,
and their comments are summarized below.

Chenley, Osmond and Perry: Neither precipitation of
K3Rh<N02)6 nor extraction of rhodium by pyridine was suffi-
cient to give radiochemically pure rhodium. In the preci-
pitation of K3Rh(N02)5 it was found necessary to add Te and
Sb (to remove Sb127) hold back carriers. They added Ag, Mo,
Pd, Te and Sb in addition to rhodium carrier. When Sb and
Te are added, the decontamination factor for K3Rh(NO2)6

precipitation was higher than for the pyridine extraction

method, The latter also suffered from having somewhat lower
yields and being lengthj. The lower ylelds may be due to
the difficulty of obtaining complete precipitation of Rh283
from the pyridine complex.

These workers investigated the possibility of using
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Fig. 5. Gamma-Ray Pulse Height Spectrum of Ru'®® - pnloe-
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the very stable complex formed with.2-mercaptobenzoxazole,
_hut 1ts stabllity 1s such that 1t 1s very difficult to
destroy the compiex by aeid treatment.'

The procedure by Croali and Glendenin (Procedure 2)
is designed to provide decontamination factors of_l_O6 from
Zr, Cs, Te and $b“and also to remove Ru within 2-3 minutes

105 107, mhe seiler

to reduce background.due to Rh and Rh
method of kB(NOZ)G-precipitation gave a decontamination .
- factor of only'S x_lO3 from Te. With the pyridine method,
it was found necessary to use at least four extractions to
'obtain the 105 decontamination factor and, again, the: proce—
' dure was found to be lengthy and of low yieid. Anion}exchange
resin column separations using the RhClg' anion:gave-iou'
ylelds of rhodium.. This is attributed to.hydrolysis-in dilute
- acld and 1s .1in agreement wilth the obServationejmentioned:in'
Section IV on fresh chlororhpdinate solutions and:anion._.
exchange resins.

Ballou (see the reference for Procedure 7) discussed
' the problem of Te contamination, but it must be emphasized
that this 1s an earller reference.

Two English reports may bé of some l1lnterest in rela-

“tion to fallout studies. In one report“[EBJ'Ru196-Rh106

1s
measured in samples of sea sllts and shore sands by simpie
. drying, grinding to a slze to pass through a B.8. 60 sieve .
'_and counting with a 100 channel pulse. height analyzer using
a 3Ix 3 1n NaI(Tl) crystal. The second publication [69] |
| describes a method for the determination of microéram quan-
tities of Rh per llter of sea water. 'Although'thisuis not -
a radiochemical separation, 1t could serve as the first part

of a procedure since the recovery from the sea water is 90%

for 0.1 to 5.0 mlcrograms per liter.
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A,

Activation Analysis. .

Procedure 1

Element Separated: Rhodium

Target Material:

‘Synthetic Rock Samples®

Type of Bombardment: Neutrons 1n pneumatic tube 5 min at

Procedure by:

1 Mesawatt

E. Steeleb

Time for Separation: 7 minutes

Equipment Required: Spéctrophotométer and gamma sSpectrometer

Yield: 95-100%

Degree of Purification Sufflclent for gamma—spectroacopy

Adfantagé:

Procedure:

- (auth.)

Rapid separation_and-oﬁémicalﬁyiéld:detErmination

. (i)_

. (3)

(2)

()

(5)

Notesﬁ

(b) -

(6}

(7)

(a)

Irradlate sample for 5 minutes at 1 Megawatt.

Two minutes before end of irradiation, heat 5g

. of Na,0, to melting in a nickel crucible. Add

the sgmﬁle (caution) and fuse for 1 minute.

Cool the cruclble by cautiously dipping it in
cold HZO

Dissolve melt with 20 ml concentrated HC1
(cautlon!) and add: (a) 5 ml RhCl, solution
(1 mg/ml in 1N HC1); (b) 1 ml 10% Bartaric

acld; (c) 8 ml pyridine.

Mix well and transfer to. separatory funnel by
filltering off the sllica. Wash precilpate
with 5 ml 6N HC1l and collect thils filtrate in
the same separatory funnel.

Add 15 ml 12N NaOHato-séparatory funnel and.

separate pyrldine (upper) layer for analysils
in multichannel pulse helght analyzer.

Determine chemical yleld by measuring the
absorbance at h2o mu of the Rh-pyridine com-
plex.

Silica, alumina and RhCl3.

A combination of previously reported methods.
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B. Fission Product Separatilon.

.Prodedure 2
-Target Materlial: Pu-239 and U-233
Type of Bombardments: Thermal neutrons

~ Procedure by: Croall and Glendenin, A.E.R. E., Harwell, to be .
' published.

Yield: .557605

Separatibn Time: 2 hours

Decontamination: At least 106 from Zr, Cs, Te, and Sb. Also,
Ru was removed within 2— 3 minutes of the end
of the 1rradiation.

Procedure:

{1) Add the irradiated solution to 3 ml of 70%
perchloric acid contalning 10 mg Rhodlum,
5 mg of Ruthenium and 1 mg of Zr as carriers.
Fume off ruthenium tetroxide, cool, add a fur-
ther 5 mg of Ru and repeat the fuming, finally
reducing the volume to 1 ml.

(2) Dilute to 10 ml, add 3 ml of 6M sodium acetate
solution (buffer) and 2 ml. of 60% sodium nitrate
‘solution. Heat to form the rhodonitrite complex,
then add 12 M NaOH until a pH of 9 is reached.

At thls stage plutonium (or uranium) and zir-
conium are precilpltated.

_ Centrifuge off this precipitate-and Bcavenge
the supernatant solution twice with 1 mg quanti-
ties of iron.

(3) Acldify the supernatant from (2) (HNO.,), add
1 ml of 60% KNO, solution and centrifage off
the potassium rgodonitrite precipitate. Wash
twice wlth 10 m1 of water. o

1) Dissolve the rhodonitrite precipitate by heat-
ing with 1 ml of conc. HCl. Dilute to 10 ml,
-add 3 ml of 6M sodium acetate, and 2 ml of .
60% NaNO, solutlon, heat. Add 12M NaOH until
the pH 18 7 to 8. Add 3 drops of saturated
sodlum carbonate solutlon and scavenge twice.
with 1 mg quantities of iron.

(5) Repeat step (3).

(6) Dissolve the rhodonitrite in.1 ml of aqua regla,
boilling until no more oxldes of nitrogen are
evolved. (If necessary add more conc. HC1l.)
Make up to 2 ml volume with 6M HCl, dilute to
10 ml and add 2 ml of a saturated aqueous solu-
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Notes:

Procedure 2 (Cont'd)

tion of thioacétamide,'warm gently for two

o minutes to allow the rhodium complex to form.

(7)

(8)

(9)

(10)

(11)

(12)

(1)

Add. 1 mg Te carrier, pass in a little H,S and cen-
trifuge off the tellurium sulphide. gvenge
twice with 1 mg amounts of antimony. (See Note 1)

Transfer the supernatant from (7) to an Erle-
meyer flask contalning 5 ml of conec. HCl, boll
vigorously almost to dryneses, add 1 ml conc. HNO3
and 3 ml of conc. HCl and agaln boll down to .

near dryness.

Dilute to 10 ml, buffer and carry out basic iron

scavenges as in’ step (4).

‘Repeat step (3).

Dissolve the rhodonitrite in 1 ml conc. HC1,
heat. Dilute to 10 ml, buffer with 3 ml 6M
sodium acetate, add 10 ml of 60% KNO,, centri-
fuge off the potassium rhodonitrite, wash twlce -
with water.

Repeat step (11), mounting the rhodonitrite
precipitate on a tared filter paper, wash with
water, alcohol and ether, dry at 110° for 10 min
and welgh to determine chemical yield.

Excessive heating of the thiocacetamide solu-
“tion should be avolded 1f losa of rhodium 1s

not to occur. Antimony sulphide 1s precipated
simply by the sulphlde produced by the hydroly-
sls of thloacetamide, but to ensure complete

‘precipitation of tellurium it 1s necessary to

pass 1n hydrogen sulphide gas.
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_ e Procedure 3
Target Materlial: '3 ng samples of uranium
Type df'Bombardment.-~Neutron fission :.

'Prbcedure:by Chenley, Osmond, and Perry, A.E.R. E C/R 1870
. (195

‘Yield: A45% -

" Decontamination: -Halfélife and absorption curves gave no
. indicatlion of the presence of contamination.

Procedure:

(1) Place the sample (1) in a 4 em pletinum dish.
Add 2 ml of followlng carrier solutlons Ag, Pd,
Rh, Mo, 1n this order. Heat on a bolling water
" bath. until dry (2) :

(2) Add 1 ml 16M ‘HNO,, 1 ml 9M HClO » 1 ml 20M HF.

Place 6" away fram a 250 watt. infra-red lamp

.and evaporate slowly until HC10, fumes appear
(2). Cool and add 1 mg Ru carrler. Again
place 6" away from I.R. lamp and fume until

. only a few drops remain. Add 5 drops 9M HClOu
and evaporate slowly untll jJust moist.. ]

(3) Extract the residue in the dish four times with
1 ml 6M NH,OH, breaking up any lumps, and trans-
fer both tﬂe solution and the insoluble to a
10 m1 centrifuge tube. Centrifuge and remove
the alkallne supernatant to .another 10 ml tube.
Wash the 1nsoluble three times with 1 m1 6M
NH,OH contalning 1 drop saturated NH,N

~solution. Add the washings to the sﬂpe?natant
.and reserve for. Ag, Pd, Mo separation. Trans-
fer the 1nsoluble to the platinum dish using a
little water and heat on a water bath until
dry (3). .

(4) Dissolve the insoluble in 0.5 ml 6M HNO, and
transfer to a 10 ml centrifuge tube. Rinse
the dish with a few drops of 16M HNO3 and add
to the solution, which should have a”’final
volume of about 1 ml and be approximately 6M
in HNO3 ().

(5) Make Just acid by (a) adding 6M NaOH to the hot
solutlion untll a permanent preclpitate 1is Just
produced and then (b) adding 6M HC1l until the
precipitate 1s just dissolved. Add an equal
volume of 60% KNO, and heat on a water bath for
10 minutes. Cool centrlfuge and discard the
supernatant. :

- (6) Dissolve the precipitate in the minimum amount
of aqua regla (approximately 1 ml), heating on
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Notes:

(7)
(8)

(9)

1)
(2)
(3)

€))

(5)-

Procedure 3 (Cont'd)

a water bath. - Cool, centrifuge (5) and add
6M NaOH until a precipitate Just forms

Add 1 drop 6M HC1 to redissolve the precipitate.

Add 1 ml1 Sb carrier and stir (6) AdJust the
acidity as before and repeat the KNO., precipi- -
tatlon. Dissolve the precipitate in“aqua regia
(5) add 1 ml Ab carrler and repeat the KNO, pre-
cipitation. Wash the precipitate twlce wigh
0.5 ml 2M HCl. Dissolve the precipitate in " -
aqua regia, reduce the acldity, add 1 ml

. tellurlum carrier with stilrring, adjust the’

acidity and repeat the KNO, precipitetion as
before. Wash the precipitfte with 0.5 ml
2M HCl twlce. Dissolve the precipitate in

‘agua regia.

Transfer the solution to a silica cruclble and
evaporate slowly to dryness under an I1.R. lamp.
{(2). Dissolve the residue in 0.5 ml water and
remove welghed aliquots for chemical yleld and
counting .

The samples examined contained 0.3 mg uranium,
The residue should on no account be baked.

This is to remove excess ammonia

'Complete solution should be achieved.

Small amounts of" insoluble matter should be
rejected.

It may  be necessary to add a further drop of
6M HC1l to maintain a clear solution.
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_ Procedure 4
Targét Material: Uranium (1 gm)
Type of Bombardment: 388 MeV alphas
Procedure by: Wolfe, AECD-2738
Yield:  10% '

Separation Time' .1,5'days when separated with Pt and Ir.

Decohtamination: 10‘l from fission products, (none from'Ir)

Procedure:

(1) Cut out the central portibn'of the targéﬁ and
boll wilth conc. HCl to dissolve it and to expel Ge.

(2) Add 5 mg I” and 107 and boil the solution again
to expel lodine.

(3) Add 20 mg Os, Ir, Pt, and Au carriers plus 20 mg
Ba, Ru, Rh, and Pd carriers. Withdraw a 20%
aliquot for determlnations of Ba, Ru, and Rh.

(4) To the 20%_aliquot_add HN03, 5 mg Ru carrier
and 5 mg I~ and 107 Boil“the solution to expel
Os and I. (CAUTIOﬁ Osou very poisonous.)

(5) Place the solution in a special all-glass dis-
tilling flask like that used for the osmium
distiillation. Add 0.5 gm NaBiO 1 ml conec.
H_PO,, and 10 ml 70% HC10,. Bofl in an atr
sére without bumping an distill over RuO
into 12 ml 6 N NaOH in an ice bath. Distil
until 1-2 ml of HCl0, have dlstilled (2-3 min
after fuming begins. 9 ’

(6) The residue from this Ru distillation is fumed
strongly with the HClOu.-

(7) Cool the solution, dflute to 4 N and add 20 ml
© pyridine.

(B) Boll the solution for five minutes, place in a
separatory funnel, and add 19 N NaOH to separate
the free-base pyridine layer (the high conc of

“NaOH 1is merely to keep the volume low,)

(9) Wash the dark blue pyridine layer three times
with equal volumes of dilute HC1, separating
the layers each time with 6 N NaOH.

(10) Add a few drops of 6 N NaOH to the pyridine
) layer and evaporate the pyridine off.

(11) Pass H,S .into the boiling alkaline solution
for se%eral minutes, while the solution 1s
acidified dropwise with HCl. Sulfides of Rh
and Ir ppt. ) .
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Procedure 4 (Cont'd)

(12). Dissolve the ppt in a 1ittle aqua regia. Add
5 mg of Au, Pt, and Pd carriers

(13) Make solution 4 N 1in HC1 and extract twice with
equal volumes of butyl acetate to decontaminate
from Hg and Au.

(14) . Dilute the solution to ebout 0.5 N in H+, add
5 ml dimethylglyoxime solution (1% in alcohol)
and filter off the Pd ppt.

(15) Fume the remalning solution with H,S dilute,
- neutralige to the brom cresol purpie gnd point,
and add BrO, to ppt the hydrated oxides of Rh
and Ir, leaaing Pt 1in solution._

(16) Dissolve the oxides in cone HC1l and dilute to
known volume,

(17) An aliquot of proper size to glve about 5000 c/m
1s withdrawn and a known amount of Rh earrler 1is -
added to it.

(18). Fume with H SO dilute ‘twenty to one, boil and
ppt Rh metag b adding TiCl3 dropwise until a very
- 8light excess 1s present.

(19) Plate this Rh metal &nd.count.

Remarks:

In uranium bombardments the activity in step 16 is3due
almost entirely to Rh, the activity of Ir being about 10 that
of Rh--even though no separation has been made from Ir. 1In
‘some other bombarding arrangement where the activities of Ir
and Rh are more closely equal, Ir could be separated from the
Rh by a procedure similar to the last part of Procedure 9.

Rh Ir, and Pt should be separated from one bombardment

‘leaving Cs, Ru, and Pd for a second bombardment unless -several
people are cooperating on the procedure.
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Procedure 5.

Target Material:. Uranium and thorium

'Tyﬁe,of-Bombardment: Neutron, :alpha aﬁd'prdton

Proceduré by:

Yield: 70%

Separation Time: 5 hours for 4 samples

Stevenson, Nervik and Bdrg;.U.C.R.L. 4377

Decontamlnation: _1013 atoms of Rh105 1solai§d from a one-day-

Frocedure:

(1)

(2)

3

(4

(5)

0ld mixture contalning 10 filsslons showed
no detectable forelgn radloactivity when
decay was followed through three half lives.

Add about 20 mg Rh carrier to an aliquot of the
actlye solution in HEl and dillute to about 1M
in'H . Add one drop 1% aerosol_(a surface active

agent).

At+;oom temperature or slightly above, add 2-3 mg
Pd and precipiltate PAI, with a slight excess

of 1M KI solution. DigeSt five minutes at -

room temperature, centrifuge and dlscard preci-
pltate. Do not heat, repeag+acavenge by addi-

_ tion of several drops of Pd carrier. :

Place 1~2 gm KI crystals 1in a 125-ml Erlenméyer

- flask and add 2-3 drops Te carrier. Pour the

supernatant from step 2 into the Erlenmeyer, add
an equal volume of conc. HCl and boll gently on a

.hot plate for at least twenty minutes, adding 6M

HC1 from time to time to maintaln volume. Solution
must be bolling to ensure reasocnable ylelds. Add
one drop aerosol after bolling. i o

Transfer to 40-ml centrifuge cone, centrifuge
and reject supernatant. Wash the precipitate
twice with 3-6 M HC1 or until the wash i1s clear
and colorless, digesting each wash briefly 1in a
hot water bath. )

Slurry the precipitate into a 125-ml. Erlenmeyer
with water, add 3-4 ml conc. HC10, and heat
cautlously to fuming. If too much heat 1s
applled, some Rh sticks to the flask and is
lost. As the I” 1s oxidized and removed, some
8light foaming may occur. After all the 12 is
driven off, the HC10, should be driven off
cautiously with a microburner untlil the volume

1s 1-2 ml. (It may help to add water after first
fumes appear and fume again.)

46



Procedure 5 (Cont'd)

(6) After evaporation to a small volume of HC1O0,,
cool -and,add 40-50 ml of water and enough Dowex-50

. - , resin (H form) to fi1ll about 8 cm of a 6-mm-

e i diameter column. Warm gently until the yellow

o - Rh color disappears from the solution (five to
ten minutes). The resin should be coarse
(50-100 mesh, coarse fraction) and free of
Cl , added as a water slurry.

(7) While the solution and resin are being equili-
brated, place about a l-cm length of the same
type resin in a gravity-flow column 6 mm in
diameter, and wash with water. When the Rh is
adsorbed, decant the liquid and transfer the
resin to the top of this column with 10 ml of
water, Wash the column with 10 ml of 0.5 M
HCl. Elute the Rh with hot 3M HC1l (5-15 ml
usually required). Catch the eluate in a
125-m1 Erienmeyer flask.

(8) Add five to six drops 1% aerosol to eluate to
reduce foaming, then Mg turnings to reduce the
Rh to metal. Boll to complete reduction, dissolve
excess Mg by addition of conc. HC1l and coagulate
the metal. Wash metal twice with hot 3M HC1,

three times with acetoene, and dry at 100°C.
Welgh as Rh metal.

Procedure 6
Target Material: Uranium and Thorium
Type of Bombardment: Neutron, alpha and proton
Procedure by: Bonner and Iddings, UCRL-4377
Yield: 80%

Separation Time: 5 hours for one sample ( not including
electrolysis)

Decontamination: A sample containing less than 20 ¢/m was ob-
tained {gom a mixture of fission products
from 10 fissions three months old.

Procedure:

(1) To the solution in ~25 ml of 6M HC1l, add 20 mg
Rh and 10 mg Te carriers.

(2) Boil solution for ~10 minutes (see Note 1).

(3) Cool, add solution to a 60 ml, cylindrical, open-
top, separatory funnel containing 25 ml of methyl
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(4)

(5)

(6)

o

(8)

(9)

(10)

(11) .

(12)

an’

(14)
. with 30 ml benzene, stir and draw off aqueous layer.

(15) .
.- following for two minutes each, discarding the

(16)

Procedure 6 (COnt'd)

isobutyl ketone and stir vigorously for two
minutes.

Draw-off gqueous layer into a second separatory
funnel contalning 25 ml of methyl lsobutyl ketone.
Stir for. two minutes (see Note 2)

'Draw off aqueous phase into a 125-ml Erlenmeyer

flask containing 2 g of NaIl. Discard organic

- phase, Add 2 mg Te carrier.

Boll for at least. 20 minutes (see Note 3). Add
more 6M HC1 if volume becomes too small. T

-Transrer to a 40-ml glass centrifuge cone., Cen-

trifuge. Discard supernatant.-

Wash with two 20-ml portions of 6M HCl heating

on hot water bath for a short tine.

Add ~1/2 mg Te carrier, dissolve RhI3 by adding
1l ml conc..HN03.and 2 ml .conc. HClOu and fuming

-Cool, add 1-2 ml conc. HC1 (see Note 4), .and take

to rumes of HClOa again.

Cool, add 1 ml_conct HN03,'fume to 21l/2 m}
volume (see Note 4).

Dilute. to 2 ml, add 10 M NaOH dropwise until a
permanent precipltate Just begins to form. Add
one drop of conc. HClOu to redissolve preclpltate.
Add 10 ml of 0.5 M TTA'in acetone and then 1-2 ml
of 1 M HAc-1 M NaAc burrer solution. Cheek pH

to be sure it 1s ~5. Add acetone if. solution is
not already as one phase. .

Heat 1n boiling water bath until a11 acetone is
driven off (~20 minutes). [(The Bolution will"

. separate into two phases, and the aqueous phase

should be colorless )

Transrer to a 60-ml. cylindrical separatory funnel

Hash benzene layer with ~15 ml portions of the

aqueous layers:

a. 6 M HC1. o a

b. Two portions of 1 M NaOH. (This removes
"free" TTA from benzene but leaves Rh-TTA
complex.) .

c. Two portions of B M HNO3
d. Two portions of 6 M HC1l; 2 M HF,
e. Two portions of 6 M. HC1.

Drain benzene layer into & 125 ml erlenmeyer
flask and evaporate to. dryness. Add 3 ml conc.
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(17)

(18)

Notes:

(1)

(2)

(3)

()

Procedure 6 (Cont'd)

H2SOu, 2 ml conc. HNO,, and 1 ml conc. HClO,.

Héat to fumes of SO3 §o decompose all organ%c matter.
Cool, dilute and transfer to an electrolysis cell
with a platinum-plate cathode. (Cell and plate

must be cleaned very carefully.) Electrolyze
overnight at 100 milliamps. (

Weigh as Rh metal and count on beta counter.

Boiiing reduces the Te(VI) to Te(IV) and ensures
complete exchange between the Te carrier and the
tracer.

This extraction is designed to remove most of

the Te activity which tends to be the principal
contaminant in most Rh procedures. If desired,

the double extraction can be replaced by a triple
precipitation of TeIu from dilute HI + H2SO3.

If the solution 1s not actually bolled extensively,
the Rh13 remains partially in colloidal form.

The treatment with HC1l is to destroy iodate formed

in the HNO,_ HClOu fuming. The HNO, treatment
destroys agy Rh chloride complexes ?ormed.

Procedure 7

Target Material: Uranium

Type of Bombardment: Neutrons

Procedure by: ©N. Ballou, Paper 263, Radiochemical Studies,

Book 3, National Nuclear Energy Series, McGraw
Hil1l, (1951).

Yield: 50—70%

Separation Time: 1-1.5 hrs.

Decontamination: 5 x 103

Procedure:

(1) a. Uranyl Nitrate Solutions. To 5 ml or less

of 40 per cent uranyl nitrate add 30 mg of Rh(III)
carrier, 5 ml of H.,O, 8 ml of conc. HCl, 10 mg of
Te(IV) carrier, ané 8 ml of pyridine. Boil gently
for 1 min (see Note 1). . Add 7 to 9 g of Na,CO
carefully in several portions (see Note 2):
stir, and centrifuge. Transfer the liquid

3
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Pfocedure 7 (Cont'd)

" phases to a separatory funnel and separate the
pyridine (upper) layer. .

b. Heavy-metal Ion Solutlons. To a 5-~ml sample
add 30 mg of Rh(III) carrier, 5 ml of H, 0, 4 ml

of conc. HC1l, 1 ml of 10 per cent tartagic acild,
H CuHuO- (see Note 3), 10 mg of Te(IV) carrier,

aﬁd 8 mﬁ of pyridine. Boll gently for 1 min
(see Note 1). Add 15 ml of 12 M NaOH carefully,
stir, transfer to a separatory funnel, and
_separate the pyridine (upper) layer.

(2)  Add 5 ml of H,0, 6 ml of conc. HC1l, and 10 mg
of Te(IV) cargier to the pyridine layer, and
shake, Add 10 ml of 12 M NaOH, shake, and
separate the pyridine layer.

(3) Add' 5 ml of H,0 to the pyridine layer, shake,
"add 10 ml of 32 M NaOH, shake, and separate the
pyridine layer. :

(4) Transfer the pyridine layer to & 50-ml centrifuge
: tube, add 2 drops of 6 M NaOH, and evaporate to
about 0.5 ml.. Add 10 ml of H,0, heat to bolling,
. and pass in H,S for 3 min (se& Note 4). Add
1 mlof 6 M Hél, heat to boiling (see Note 5),
and centrifuge. If all the rhodium has not

been precipitated, as shown by the color in the
centrifugate, add 1.5 ml of 6 M NaOH to the
solution, heat to bolling, pass in H,S for

1 min, add 2 ml1 of 6 M HC1l, heat to goiling,

and centrifuge. : '

(5) Dissolve the Rh,S_, by heating with 1 ml of conc.
. HNO, and 2 ml of donc. HC1. Centrifuge, and
wasﬁ'the precipitate of sulfur by heating with
0.5 ml of conc. HNO3 and 1 ml of cone. HC1.
Add the washings to”the rhodlum solution.

(6) Add 3 ml of 70 per cent HC10, and 5 mg of _
" ruthenlum carrler to the rhoﬂium solution, stir,
end fume for 1 min after the disappearance of
the ruthenium color. Cool.

(7) Add 2 ml of 70 per cent HCl1l0,, 5 mg of ruthenium
"~ carrier, and 5 drops of 0.035 M HIO,. Stir, add
10 mg of I~ carrler (see Note 6), aﬁd stir.
Fume the solution for 1 min after the disappear-
.ance of the lodine colbr, and cool.

“(8) Wash the solutlon into an Erlenmeyer flask with
- . 20 to 30 ml of H,0. Add two or three 0.l-g
portions of magngsium, with several minutes of -
"~ heating and stirring between each addition (see
Note 7). If the reaction becomes too slow rt
any time, 1 ml of 6 M HCl may be added. After
~ the reduction of the rhodium, exceas magnesium
18 destroyed by the addltion of 5 ml of conc. HCl.
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Notes:

(9)

- 4{10)

(1)

(2)

(3)

08

(5)

(6)

(N

Procedure 7 (Cont 'd)

Prepare a fllter-paper disk by washing in a Hirsch
funnel with 5 ml of H.,0 and three 5-ml portlons
of 95 per cent ethanoi dry in an oven at 110°C

‘for 10 min, allow. to cool in a desiccator, and

welgh.

Filter the metallic rhodium through the
weighed fllterpaper disk, wash, dry, and

. welgh as outlined in step 9. Mount on a stand-

grd card, and count.

Bolling serves to bring about the rapid and com-
plete converslon -of all the rhodium to the very
stable pyridine complex, thereby effecting a
complete exchange between the carrdier and the
activity.

The use of Na,CO serves_the dual purpose'of
keeping the largér part of the uranium in solu-
tion and of separating the pyridine layer.

Tartaric aeid 1s added to prevent the formation
of a large hydroxide preclipltate.’

Rhodlum sulfide- 18 precipltated to free the
rhodium from the pyrldine. If the rhodium is

in the pyridine complex when the fingl metal
reduction is made, an lncomplete precipitation

of the rhodium metal occurs and the: precipltate
contalns organic impurities that make the deter-
mination of the chemical yleld incorrect. Because
of the danger of explosion i1t 1s also deslrable

to be rid of the pyridine before dolng the fuming
with the perchloric acid.

The preciplitation of Rh S from the pyridine
complex is not complete wathin a moderate length
of time from eilther acld or alkaline solutlon.

- But 1f H,S 13 passed into the alkaline solution

for a shgrt time and 1f the solution 1s then

nade acld and heated, all the rhodlium 1is usually
preclpltated. If 1t 1s not precipltated, a
repltition of the process does precipitate it all.

Excess I~ carrier is added to reduce any IO,

~or BrO7 formed in the H010§ fuming so that the
t

halogeﬂs can be expelled b he subsequent fuming.
The reduction by magnesium gives a rhodium preci-
pltate of quite reproduclible welght; thls welght
18 slightly greater than the welght of the rhodium
metal obtained by hydrogen reduction.
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_Procedure 8

TargetiMater;al:' Fall-out fission products

103m 103

Type of Bombardment: Separation of Rh from Ru
Procedure by ‘Kimura, Ikeda, and Yoshihara, Bull Chem. Soc
- Japan, 29, 395 (1956) <

Separation Time: 2-3 hours

Decontamination: Some Rui®3 is seen'ih”the final sample,

Procedure:

(1) Dissolve the Ru salt from a RuO, distillation in

: a small amount of HC1l and repeae the process of
evaporating the Ru sample to dryness. and subse~
quent dlssolutlon in HCl several times.

(2) - Adjust acidity to 0.2N HCl and the volume to 10 ml.
-~ Prepare a column of Dowex-50 (50-100 mesh) 1 em
. I.D. end 6 em in length and put the solution
- through thils resin bed. After washling the bed
with a small quantity of 0.2N HCl, the Rh 1s
eluted with 2N HCl at an elution rate of 1 ml.
‘per minute. ]

. (3) The effluent is’ collected dried and counted.

Procédure 9

Target'Materiai: 7_weeks'oid mixture of fission‘products

Procedure by: N.A. Bonner, Lawrence Radlation Laboratory,
U. of California, Livermore (1958)

Yield: 70%
Separation Time:_ 5 hours (excluding thé electrodeposition)

Procedure:’

(1) Add the active solution in 6M HCl to 20 mg of
Rh carrier, ~2 mg of Te carrier, and 20 mg of
Tl carrier in a 125 ml Erlenmeyer flask Add
~8 ml of conc. HC1l0, and 1 ml conc. '

. Evaporate to fumes J¢f HClO Fume vigogously
until volume of HC1l0, 1is aéout 4 ml (see Note 1).
Cool and add 2 drops each of conec, HCl and conc.
HNO3 .

(2) Transfer to a 40 ml centrifuge tube wilth water and
dllute to. 20 ml. Add 5 drops of 57% HI (contain-
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(3)

)

(5)

(6)

m

(8)

of 6 M HCl.

Procedure 9 (Cont'd)

ing no H,PO,) and 2 ml.of 6% H_ SO, solution..
Stir vigéro sly. Centrifuge off %11, pour super-
natant into a 125 ml Erlenmeyer flask. Wash

T1I with ~5 ml of 2 M HC1l contalning & few drops
of HI and 1/2 ml of 6% H,SO,. Combine wash with

the original supernatantg 3

To solution in flask, add 10 ml of conec. HC1,

2 ml of 57% HI and boll vigorously for at least
20 min. Add 6 M HC1l if necessary to keep volume
between 15 and 30 ml. Transfer to 40 ml cent.
cone; centrifuge. Wash HhI3 ppt. with 10-15 ml

To Rhi_,, add 3 ml conec. HC1 + 1 ml 30% H,O,.
Mix tharoughly.' Warm slightly. After sglﬁtion
has become clear (but very dark), boll to about
1 ml volume. Dilute to 20 ml with H,O0. (If a
ppt. of RhI, remains, centrifuge it %ff_and
dissolve 1t-in HNO, + HC1l0,. Evap. to ~l/2 ml
and combine with sdpernataft). Add 5 ml of.
saturated NaNO, (~9 M). After most of the
bubbling has sgopped, heat on hot water bath
for at least 10 min. The sglution should be
colorless. Add 1 mg of Fe carrier, stir
vigorously, heat on water bath ~1 min, Centri-
fuge. Pour supernatant into a clean 40 ml cone

. and discard ppt.of Fe(OH)3._

Add 1 mg of La carrier + a few drops of phenol-
phthalein and stir. Add 1 M NaOH dropwlse until
solutlon turns pink (1 or 2 drops 1s usually .
enough). Stir and heat on water bath about 1 min.
Centrlfuge. Pour supernatant into a clean centri-
fuge cone and discard La(OH_)3 ppt. :

Add to the supernatant 2 drops of 6 M HC1,

2 ml of saturated KNO, (~3 M), stir vigorously,
heat 1n water bath fo% at least 2 min., cool to
room temperature, and centrifuge. Wash white -

ppt of K3Rh(N02)6 with 15 ml of 0.1 M HCl1l (see

Note 2). o .

Dissolve the ppt by adding 3 ml of 6 M HCl and
bolling. Evaporate Just to dryness. If the
solution 1s not deep ruby red and clear before
dryness 1s approached, take nearly to dryness,
add more 6 M HCl and carefully evaporate again
to dryness (see Notzs 3 and 1).

Dissolve the residue in 5 ml of 0.1 M HCl and
transfer to a Dowex-1 anlon column. (Cl -
form, water washed, 50-100 mesh, x-8 in a’

‘column 6 mm in dla. and 5-6 cm long). Rilnse

contents of tube onto column with another few
ml of 0.1 M HC1l. Put small glass wool pad on
top of lon bed when the solution has all gone
through. Wash column with 15 ml of 0.1 M HC1,
Discard washes. o :
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Notes:

(9)

(10)

(11)

(12)

(13)

(1)

(2)

(3)

Procedure 9 (Contid)

Elute Rh from the column with 20 ml of conec.
HC1. Collect eluate 1n a 125 ml Erlenmeyer
flask. Add 1 mg of Te carrler and boll: for
10 min. If volume gets too small, add 6 M HCl.

Cool to room temp. Add 5 ml of 55% HI and imme-
dlately transfer solution to a 60 ml open-top
separatory funnel containing 30 ml of hexone.
Use 6 M HC1 for transfer. Aqueous volume should
be 20-30 ml. Stir vigorously for 2 min., allow
to settle for a short time after phases have
separated. Be extremely careful to prevent any
of the organlc phase from golng wlth the agueous
phase when 1t 1s removed. Thils step removes the

. last traces of Te and Ag fisslon product activities.

Withdraw aqueous phase into a 125 ml Erlenmeyer.
flask and boll vigorously for at least 20 mln to
preciplitate RhI Add 6 M HCl if necessary to
keep volume betéeen 15 and 30 ml. Centrifuge,
wash once with 15 ml of 6 M HC1 (see Note 5).

Dissolve ppt 1n 3 ml of conc. H S0, by heating to
fumes of S0, until I, vapor is ionger visible.
Cool to rooﬁ temp. add 3ml H 0 and ml of -
conc. HCl. Boll for brief timé, then 1a8a 3 m
each of conc. HNO3 and conc. HClO Continue
heating until all-HC10, has evapo ated and SO
fumes are coming off sgrongly. 3

Ccol to room temp., dllute with 5 ml of water.
Transfer to plating cell with water. Plate onto
tared Pt plate for at least 8 hours at 100 ma.
Rinse, dry and weigh. Mount on flat Al counting
plate with no covering on the sample. Count on
beta counter.

Steps 1-3 correspond more or less to the 1nitlal

separatlons procedures ordinarily used. If

initial separations are not carried out separ-
ately, add 10 ml of conec. HCl to the solution
iIn the flask after the HClOu fumlng 1n step 1.
Boil and evaporate to 10 ml volume, then proceed
with step 2. The bolling with HCl will put Te
in a form that will be carrled on T1I.

Do not allow the K_Rh(NO to stand in the 0.1 M

~ HC1 wash solution gny 1oﬂggr than necessary. Do

not heat the -solution. The salt dissolves slowly

- In 0.1 M HCI.

If more than one sample 1s belng worked up, it
saves tlme to put the ones which have not yet
been evaporated on the hot bath while the first
samples are being evaporated.
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)

(5)

' HC10,. Heat

Procedure 9 (Cont'd)

From the time the rhodium chloride is dissolved
in 0.1 M HC1l (step 8) until i1t has been eluted
from the column (step 9) the procedure should be
carried on without stopping. Any appreclable
delays wlll cause loss of Rh.

If large amounts of 1ridlium radioactlvity were
thought to be present in the origlnal solutilon,
omlit step No. 12 and proceed as follows: Dis-
solve theRhI3 in 1 ml conc. HNO3 and 2 ml of conc.
to strong fumes of-HC10,. Cool, add
1l ml conc. HBr and 1 ml cone. HCl. ﬁeat Just to
fumes of HC10,. Cool, add 1 ml conec. HNO, and
heat to strong fumes of HC1l0,. Contlnue ﬁeating
untll the solutlon 1s clear and the volume is
1 ml. Cool, 2dd 5 ml of 6 M HC1l0,. Transfer
the 6-8 M HC10, solution to a Dong 50 (100-200
mesh) cation eichange'column (6 mm-1.4, and 7 cm
in length) which has been pre-oxidized with 8 M
HNO., and washed with 6 M HC10,. Wash the Rh
thréugh the resin column with two or three 5 ml
portions of+§ M HC10, into a 125 ml Erlenmeyer
flask. (Ir adhereg to the resin). Add 2 ml of
conc. HNO, and 3 ml of conc. H,S0, to the Rh
solutlon in the flask. Heat uﬁti all HClOu
has evaporated and SO, fumes are comlng off
strongly. Continue tg.step No. 13 whlch 1s a
separation from Ir also.

Procedure 10

Target Material: 8 week old fission product mixture

Procedure by:

Yield: 60%

W. H. Hutchln, Lawrence Radlation Laboratory,
U. of California, Livermore (1957).

Decontamination: No detectable contamination in a sample of

Procedure:

(1)

(2)

(3)

. drops 55% HI. Stir and centrifugf,

7 c.p.m. {(flow proportional copnter, 30%
"geometry). Separated from 10-- fissions.

To a solytion of the activity add Al ml HClO,,

2 mg Te ', 2 mg La, ~10 mg Zr, 20 mg Rh, ~10 mg
Tl and 5 mg Ru carrier. Take to fumes of HC1O,
and fume strongly for 20 or 30 seconds (Note 1).

Cool, dilute to ~25 ml with H,O and add 3 droops
H3Pou. Stir, centrifuge and aiscard precipitate.

To the supernatant add ~2 ml 6% H,S0., and 3 or 4

aiscarding
precipltate. Pour supernatant into a 125 ml
Erlenmeyer. Add 5 mg Ru.
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Procedure 10 (Cont'd)

(4) To the supernat;gt add 20 ml cone., HC1l, ~5 ml
55% HI, 1 mg Te . Boll for 20 minutes. Add
6 M HC1 1f volume gets too small. Transfer to
a 40 ml cone with 6 .M HCl. Centrifuge and dis-
card supernatant. Wash ppt once with 6 M HC1.
(5) Add 2 mg Te+4, 1 ml conc. H,S0,, 1 ml HNO,,
and ~0.5 ml conc. HC1lO,. Take to fumes o? SO3.
Cool to room temperatuﬂe. Dilute to 15 ml
‘volume with 6 M HCl. Stir and add ~1.5 ml
H_PO,. Bring to a boll for 10 or 15 seconds’
td cBagulate Te metal. Filter through & 9 cm
No. 42 filter paper and wash filter with 6 M
HCl. Catch flltrate in a 125 ml Erlenmey=r. Add
A5 ml H202 {30%) and warm slightly. If reaction

gets too violent quency with 6 M HCl (see Note 2).
After reaction subsides, boll for at least 5 min-
utes to destroy H202. L : ' '

(6) Repeat step.u (use 10 ml conc. HC1 instead of
. 20 ml) and step 5 twilce. P :

(7) After coollng solution from step 5, transfer to
a 40 ml cone. Make basic with 6 M NaOH. Add
3 ml of a saturated solution of Na,S and heat
in a hot bath for »15 minutes. Ceftrifuge and
dlscard supernatant. Wash once with H,0. Dis-
solve in 3 ml conc. H,SO,, 1 ml conec. ﬁNO3 and
0.5 ml conc. HC1O,. Takd to fumes of SO.3 :
-Dilute with H,O a#d electroplate overnigﬁt at
80 milliamps %see Note 3).

Notes: (1) Th§ separation from Ir 1s at least a factor of
10°. However, 1f large amounts of Ir activity
are thought to be present and added separation
may be accomplished as follows: (Rh -.Ir
separatlon by G. M. Iddings). After fumlng the
.activities 1n HC10,, pass the solution through
a Dowex 50 x 12 (160—200 mesh) column that has been
washed with 8 M HNO., and then 6 M HC10,. Column
direnslions are «5 mﬁ I.D. by ~10 ¢m 1o#ga Ir
wlll remain on resin. :

(2) The reaction between H,PO, and H_ O, wlll rniot get
too vioclent and have té bg quenc ] 1f, whille
warming, the flask 1s removed from the heat as
soon as bubbles start to form. At thls polnt the
reaction willl increase on 1ts own and reach a :
polnt where 1t is self-sustalning for a few
minutes. After this one can proceed without
danger of bolling over. . :

(3) - Electroplating cells and electrodes must be clean

and free from all organics .{(including soap) or
else a good plate will not be obtalned.
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Target Matérial:

Procedure by:

Yield: 50%

Procedure 11

Fisslon Product (day old mixture).

J. C. Armstrong, Jr., Lawrence Radlation Labora-
tory, U. of California, ‘Livermore (1959).

Separation Time:

Decontamination:
Procedure:
(1) =a)
. b)
(2) a)
b)
(3) a)
(4) a)
b)
(5) a)
by
o)
(6) a)
(7). _
(8) a)
b)

About 8 hours for 4 samples

Final gample contained 5 x 108 atomeg of Te-132
in 10 atoms of Rh-105, This was the only
detectable 1lmpurity.

In a 125 Erlenmeyer flask, add to the actlve
solution Rh carrier, 2 mg Te hold back, 2mg
Ru holdback, 3 ml conc. H,SO 1 ml cone.

HC}OM, take to 303 fumes gen 12

While fuming add 2-3 drops H3 » continue
fuming for 30 min. (see Note NotT 1).

Cool, dilute to ~20 ml add 5 ml NaBrO

boll.
for 10 min. 3’

Add 10'@1 cone. HCYI, continue boiling 10 min.

Ice cool, add mg Pd holdback, 4 drops 4% KI,
digest in 1ce bath 5 min., centrifuge, filter
supernetant into 125 ml Erlenmeyer flask.

Add ~5 ml 5 M NaI, 2 ml H,SO., boil to coag-
ulate RhI, ppt, transfer go ﬁo ml cone,
centrifugé

Wash ppt wlth 1.5 M H SOM'

Add to ppt, 2 ml conec. H,SO 2 mg Te hold-
back and fume carefully %o bout 1 ml or less
volume.

Ice cool, add 5 ml conc. HCl carefully, paSS"'
thru Dowex A~1l column preconditloned wilth
conc, HC1l. BRh 18 1in eluate.

Wash column with ~2 ml conc, HCI.

Add 2 mg Te holdback, make basic with NaOH,
add 3-4 ml saturated Na,S solution, digest
has3 ppt, 1n hot bath.” Do not wash.

Repeat step 5.

Dilute eluate to ~30 ml with water, ice cool,
add 5 ml CrClZ,-digest c6ld 10 min,.

‘Add 5 ml Crel,, repeat digestion.
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Procedure 11 (Cont'd)
c):_Bubble in O2 for 1 min. centrifuge,

d) Wash Rh® twice wlth 1M HCl1l, once with acetone.
Dry 10 min. at 110°C. Weigh as Rh°.

Alternate Rhodlium metal precipitation

(8)

NOTES:
(1)

S (2).
(3)

a) Dilute eluate to ~20 ml with water, add 2 ml
" of a saturated hydroxylamine hydrochloride
solution, digest hot for 15 min.

b) Make basic with NaOH, digest hot untll reaction
ceases.

c) Wash Rh® twice with 1M HCl, once with acetone,
. dry 10 min at 110°C. Welgh as Rh®. See Note 3.

H_PO, must be added carefully to avold sputtering
out gf the flask. If solution 1s fumed too vigor-
ously at this point, the red rhodium sulfate pre-
clpitates. If thls forms, centrifuge ppt, and dis-
solve in a small volume of boiling 6M NaOH, and
return to original solution. Continue fuming.

Steps 1 and 2 are done to insure Rh exchange.
This Rh metal precipitation'is easlier and more

complete than the CrCl2 preclpltation and also
easier to handle,

Procedure 12

Target Material: 'Fission Products

Procedure by:

Yield: 60%

J. S. Gilmore, LA-1721 (TID-4500, 13th Ed).

Separation Time: Six samples can be analyzed per day

Procedure:

(1)

(2)

3)

To a 125-ml Erlemeyer flask add 3 ml of standard
Rh carrler and an allquot of the sample.

Add 3 ml of conc. H,S0,, 2 ml of conc. HC10,, 1 ml -
conc. HNO, and heat un@il SO3'fumes appear. Cool,
add 2 ml éf conc. HClOu, and-evaporate to a volume
of 1 ml.

Add 3 ml of 6M HCl, 1 ml each of Mo and Co carriers,

1 to 2 g of solild KI and boil for 20 min. adding
6M HC1l as needed to keep the volume of solutilon
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Procedure 12 (Cont'd)

approximately constant. Transfer to a 40-ml cen-

- trifuge tube, eentrifuge, and discard the super-
natant. Wash the RhI, preclpitate with 20 ml of
warm 6M HC1 and discaRd the supernatant.

(4) To the preclpitate add 3 ml of 3M KCN and heat until
solutlion occurs. Add 1.ml of Te(IV) carrier, 2 ml
of 6M HCl1l, and heat to boliling. While heating,
add 5M NaNO2 dropwilse until 12 fumes are no longer
visibie. ' '

(5) Dilute to 20 ml with H,0, add 3 drops of Fe carrier,
and then cone. NH,OH uﬁtil a precipitate Just forms.
Centrifuge, transfer the supeérnatant tc a clean
40-ml ecentrifuge tube, and discard the precipitate.

(6) Add 2 ml of conc. NH,OH, 1 ml of Ba carrier, 3 ml

] of 0.5M Na,CO_, and warm on a steam bath for 5 min.
Add 3 aropg o} Fe carrier, stir, and centrifuge.
‘Transfer the supernatant to a clean centrifuge
tube, and discard the precipitate.

(7) Add conc. HC1l dropwise until the evolution of CO
ceases. Add 1 ml of 6M HC1l, 1 ml each of Te(IV)
and Sb(III) carrlers, and saturate with H,S.
Centrifuge, transfer the supernatant to a“clean
centrifuge tube, and discard the precipltate.

2

(8). Boll the solution for about 30 sec to remove H,S.
Add 7 ml of conc. HCl, 2 ml of Cu(NO,) solutidn,
and cool in an ice bath. (The Rh 1sJpPecipitated,
presumably as Cu [Rh(CN)s]z.) Centrifuge and dis-
card the supernaéant. ’ .

(9) Dissolve the precipitate in 2 ml of cone. NH,QH
and dilute to 10 ml with H,0. Transfer to the
Dowex 50 catlon exchange cglumn and allow the
solution to pass through under gravityv. catching
the eluate dn a 125-ml Erlenmeyer flask. 1
[Cu(NH,),] 1s removed on the column, the [Rh(CN)G]
passing ﬁhrough. .

(10) Evaporate the solutlion nearly to dryness, add 3 ml
of conec. H SOH’ and concentrate to a volume of 1
“ml to destgoy Rh-cyanide complex.

(11) Repeat Steps 3 through 9, but collect the_columh.
SR eluate in a 40 ml centrifuge tube.

(12) Repeat Sfeps 6. through 10.

(13) Add 2 ml of conc. HC1lO,, 1 ml of conc. HNO,, and
heat until SO, fumes are evolved. 'Transfe? to the
plating cell With 20 ml of H,0. Electroplate at
room temperature and 0.1 amp“for 16 hr on a weigh-
ed Pt cathode disk. . Wash the cathode with H,O and
then with 95% ethanol.. Dry 1in an oven at 118° for
15 min. Cool, welgh, mount, and B-count.
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Procedure 12 (Cont'ad)
NOTE : '
(1) The components of the'plating cell must be extreme-

ly clean 1n order to obtaln a smooth, adherent
cathode deposit

Procedure 13

Target Materlal: Air Fllter Samples

Procedure by: Anahid Thomasian, A.F. Cambridge Research
. Laboratories. .
Purpose: . To separate Rh102 in thin samples over a small

area for X-ray counting with thin crystals.

Procedure:

'(l)t Mixing Between Active Sample and Carrler

a,  To the active solution add 2 ml Rh(NO,)
- 2H,0 carrier (1.5-2.0 mg Rh/ml), 2 'ml-
Tl 0,(2.5 mg.T1/ml) and 4 drops TeClq (10
ng Tg/ml).

b. Evaporate gently until the volume 1s about
2 to 3 ml. Add 10 ml aqua regla and boll to
dissolve any lnsoluble oxides which may be
present 1ln the sample.

(2) Conversion to Chloride Salts

a. Evaporate to incipient dryness. (Do not bake)

b. " Add 10 ml concentrated HCl, wash sides of
beaker thoroughly with &M HCL and evaporate
agaln to incipient dryness.

¢. Repeat 2-b twlice to insure complete expulsion
of oxldes of nitrogen. (See note_l).

' (3) Thallium and Tellurium Scavenge

a. To the chlorlde salts add 2 ml concentrated
HC1l and heat slightly to dissolve. (See note
2).

b. Add 10 ml H,O and transfer to a 40 ml centri—
fuge tube, asing H20 Total volume should be
about 20 ml. :

‘e, . To the solution add 2 ml 6% H2803 and stir.
Add approximately 1 ml of 57%“HI-°(Phosphorous
free) and stir again. Centrifuge the iodides
of tellurium and thallium. -
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(4)

(5)

(6)

(7

Procedure 13 (Cont'd)

d.  Decant supernatant into a 125 ml Erlénmeyer
flask. Wash the precipltate with 5 ml of a
solution contalning 5 ml H,0, 1 ml concentra-
ted HC1l, 0.5 ml 6% H,S0. afid a few drops of
HI. Centrifuge. DiScadd precipitate. Add
wash to maln supernatant.

Precipitation of Rhodium as RhI,

a. To the combined supernatant and wash, add

10 ml concentrated HCl and 2 ml phosphorous
free HI. - .

b. Boll at least 20 minutes. Keep the volume
between -15-20 ml by the addition of 6 M HC1.

¢. Allow to stand a few minutes. Transfer to
a 40 ml centrifuge tube using 6 M HC1l to ald
in the transfer. Centrifuge 5 to 10 minutes.
d. Discard supernatant.

e. Wash the RhI pfecipitaté with 10-15 ml 6 M
HCl. Centri?uge. Discard wash. '

Conversion of Rhodium té the Soluble NaNO, complex

a. To the RhI_ precipltate add 2 ml concentrated
HCl and 5-20 drops 30% H 0,. Heat gently
unt1l solution is effect@d’ adding more H,0,
if necessary. S

b. Boll the solution to a volume of 1. ml. Cool
and. dilute to 15 ml with H,0.

¢. Cautiously add about 3 ml of a saturated sol-
. ution of NaNO,, with stirring. After the
.initiel efferaescence has subsided, place 1n
a hot H,0 bath for 10 minutes wlth occasional
stirriné;

Iron_ Scavenge

a, Add'l or 2 drops of FeCl,. 6H,0 (5 mg rettt
. /ml), stir, dlgest for 13minuté in a hot
H.0 bath and centrifuge. Transfer super-
ngtant to a 40 ml centrifuge tube. Discard
precipitate.

'Lenthanum Scavenge

a. To the supernatant add 2 drops of La(NO3)3-
6H.0 (10 mg La/ml) and 1 or 2 drops of _
phgnolphthalein. Stir and add dropwlse 1M
NaOH until the solution 1s Just alkallne.
(See note 3). ,

b. Digest for 1 minute in a hot H,0 bath. Centri-

fuge. Transfer supernatant to“a 40 ml centri-
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(8)

(9)

(10)

Procedure 13 (Cont'd)

fuge tube. Discard precipitate.

Prec pitation of K Rh(NO,)

a.

Acidify the supernatant by the additilon of
1l drop 3M Hgl. Add 2 ml of a saturated
solutlion of KNO Stir vigorously until
precipitation oécur

Digest in-a hot water bath for at least 15.
minutes (see Note 4).

Cool to room temperature by lmmersing sample
in cold water bath. Centrifuge. Dilscard
Supernatant. . :

Purification by Ion-Exchange

a.

b.

Dissolve the preciplitate with 2 or 3 ml 6M
HC1 and gentle heating. Eyaporate to dryness.

Cool and dlssolve salts with. about 3 ml

0. lM HC1l.

Pass solutlon through a column of water
washed Dowex 1-X 10 resin, Cl~ form, 200-400

"mesh. The reésin bed should be about 3.3 em

long and 0.4 em wide.

Wash column with 1l or 2 ml O 1M HCl. Dis-

" card washings.

Eluté rhodium with 15 ml concentrated HC1,
collecting the eluate 1n a clean 125 ml
Ehrlenmeyer flask (see Note 5).

Removal'of Traces of Silver and Tellurilum

a.

b.

Add 2 drops of TeCl,(10 mg. Te/ml) to the
eluate and boll untfl the volume 1s about 10 ml.

Wash sldes of flask with 2 or 3 ml H 0 and

~allow to cool.

Add 2 ml 57% HI (phosphorous free) (see Note 6)
-to the flask and transfer contents to a 125 ml

separatory funnel which contains 15 ml of 4-
methyl-2pentanone (hexone) previously
equilibrated with about 1 ml 57% HI and 5 ml
6M HCl. Wash flask out with a few ml 6M HCl
and transfer to the funnel. (The ratio of

.acid to hexone volumes should be about 1-1).

Using a stirring rod, stir vigorously for
about two minutes, Allow mixture to stand
10 minutes. : :

.Carefully draw off the acld layer into a’

clean 125 ml Ehrlenmeyer flask.
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(11)

(12)

(13)

Procedure 13 (Cont'd)

Precipitation of Rhodium as RhI

3

a. Bring sample to a boll over a hot plate,
initially swirling the flask by hand 1in order
to prevent bumping by traces of hexone which
may have dilssolved 1n the acld layer. Allow
to boll for 15 to 20 minutes to precipitate
RhI_, malntaining the volume at about 10 ml
by the addition of 6M HC1. :

b. Cool somewhat and transfer to a 40 ml centri-
fuge tube using 6M HC1l to aid in the transfer. .

c. Centrifuge for about 10 minutes. Discard
supernatant. Wash the preclipitate with 10 ml
6M HC1 and centrifuge. Discard wash.

Destruction of Iodide—Conversion to Sulfate

a. - Transfer the RhI, back into the flask in
which the precip%tation was mede, using water.
Add 1 ml cone. H sou and boll untll the fumes
of lodine have bgen expelled.

b. Allow the flask to cool. Wash sldes of flask
with a few ml water. Add 1 ml conc. HCl1l and
boil until the red color of Rh013 becomes
apparent,

e¢. Add 1 ml conc. HNO 1 ml conc. HClOu and

boil to the evolut?én of SO3 fumes,

‘d. Allow flask to cool. Transfer the .solution

. of Rh (SOM) to a 40 ml centrifuge tube (see
Note ?). W;Sh flask by the dropwise addition
of water two or three times. Add each washing
to the centrifuge tube. : -

e. Boll until fumes o'r-SO3 begin to evolve.

f. Cool. Wash.sides of tube with 10-15 drops
of H20 and repeat e. ' . .

Determination of Rhodium by Electrodepcsition

a. Cool centrifuge tube. Add 5 op 6 drops
of water to the stou acid solution and cool
agalin. . . :

b. Transfer solution to the electroplating cell
whose volume 1s approxlimately 3 ml. Usilng
a medilcine dropper wash tube out with water
twice, tranaferring the wash each time to
the cell until the volume reaches about 7/8
of the cell capaclty. .

c. Electropiate the rhodium on to a previously
tared platinum-disc (3/8 inch in diameter,
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NOTES:

(1)

(2)

(3)
(4

(5)
(6)

(7

.Procedure 13.(Cont'd)

1 wilin thickness) for approximately 16 hr.
75 milliamps.

d. Remove the platinum disc. 'Rinse several
times with water and finally with 95% ethyl
~alcohol,

e. Dry at 110°C. for 15 minutes. Cool in a
. dessicator and welgh to constant weight es
elementary rhodlum.

" The exﬁulsion'df HNOﬁ and other oxides of nitrogen

1s 1mportant since tHey wi1ll oxldize the HI
which will be subsequently used to precipitate
rhodium as RhI3

-Some heating may be requifed here also_to ald in
-solution of the salts. If sillica is present,

centrifuge and discard the latter.

.Usually 2 to 3 drops of NaOH 1s sufficient.

With 3-4 mg quantities of Phodium, the average
digeation perliod has been about 30 minutes. If

a larger amount of rhodlum is used, the dlgestion
period may be decreased to 5 or 10 minutes.

With larger amouhts of Phodlum carrler 1t may
be necessary to use 5-10 ml more conc. HC1l to
elute the Phodlum,.

For larger amounts of rhodium carrier increase
the volume of HI to about 5 ml and the volumes
of hexone and acid to about 30 ml each.

This transfer 1s useful because of the small

volume of final Rhodlum solution, whereby the
surface area to be washed 1s decreased by using
a centrifuge tube rather than a flask.
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Target Materlal:

Procedure

by:

Procedure:

(1)

 Procedure 14 -
Pu;U Fisaium'Alloys

Evans, Bloomguist and. Hughes, Anal Chem.,
34, 1692 (1962

Transfer a 0.5-gram sample (or less) of the alloy
as turnings to a quartz tube, 12 mm. in ocutside
dliameter by 8 mm. in inside diameter and approx-
imately 15 inches in length, which has been -
sealed and carefully annealed at one end. Slowly
add, in small increments, 5 ml of 12M hydrochloric
acid After the evolution of gases has ceased, -

.add 2 drops of T72% perchloric acid. (The volume

of liquid should never be greater than one half

of the. volume of the tube). Seal off the tube

at a length of approximately 10 to 12 inches using
a gas-oxygen torch and anneal-seal in-a gas flame,
Place the tube 1n a steel shell which has been
previously hydrostatlcally tested and x-rayed, and
add 40 grams of solid carbon dioxide. Immedlately
screw on the cap and test for leakage by lmmersing
the shell under water., Place the shell in a
muffle furnace maintained at approximately 300°

"+ 10° C. for 4 hours. (This furnace 1s specilally

. equlpped with temperature control safety devices

2)

(3)

(4)

(5)

to obvlate électrical failures or human errors).

Remove the shell from the furnace, cool to room
temperature, and remove the tube. 1Inspect for
complete dissolutlion, cool the tube in solid car-
bon dloxlide and open. Transfer the contents to a
50-ml volumetrliec flask and make the final solution
8M in hydrochloric acid.

‘Select from. the stock solution an aliquot that

contains 50 to 150 ug. of rhodium, and tranafer it
to a 40-ml borosilicate glass graduated centrifuge
tube. Adjusat the viplume to 5 ml and make the filnal
solution 8M in hydrochloric acid. Add 0.5 ml of
concentrated nitric acld and heat the solution on

a sand bath untll gas evolutlon occurs.

Discontlnue heating the sample and permit it to
stand for about 2 1/2 hours before transferring to
the resin column, prepared as previously described.
When the level of the sample solution nears the

top of the resin bed, use three 5-ml portlons of
the eluting solutlon to wash out the sample con-
talners, and add to the column when the level of
the preceding portion of eluant nears the top of
the resin bed,

Pass the solutlons through the column, with the ald
of gentle suctilon, 1nto a 50-ml volumetric flask,

at a drop rate of 35 £ 5 drops per minute. Do not
allow the columns to reach dryness. Contlnue
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Procedure 14 (Cont'd)

washing the column with 8M hydrochloric acid until
a total volume of 45 to 50 ml has been collected
in the flask.

(6) Elute the plutonium from the column with 0.30M
hydrochloric acid and transfer to waste. Transfer
eluate along with the 8M hydrochloric acid wash-
ings to a 150-ml beaker. Slowly add 2 ml of con-
centrated sulfuric acid, cover the beaker with a
Speedyvap cover, and evaporate to fumes.

(7) Add 500 ul. of perchloric acid slowly to the hot
sulfuric acld and continue fumlng for 1 to 2
minutes. Cool, and rinse the cover with a
minimum of water and the sides of the beaker with
8M hydrochloric acid. Agaln heat to coplous fumes
of sulfuric acid for 10 minutes, add 2 drops of
perchloric acid, and continue fuming for 10 min-
utes. Cool, repeat the rinsing operation with
water and 8M hydrochloric acid, and continue fum-
ing until an estimated volume of 0.5 ml of sulfuric
acid remains. Do not allow the acld to fume to
dryness and, 1f necessary, add 0.5 ml of sulfuric
acld between the second and the third fuming steps. .
(The fuming operation will eliminate organic mat-
ter, ruthenium, and nitrate ions, which would
interfere during the color-development stage).

(8) Development of Rhodium (III) Chloro Complex.
To The sulfate solution of rhodlum in the beaker,
add 10 ml of 2M hydrochloric acid, cover with a
watch glass, and heat to beiling. Add 5 ml of
1M tin(II) chloride in 2.5M hydrochloric acid and
continue heating at inciplent boiling for 2 min-
utes. (The solution will develop a pink tinge
during this period). Transfer the sample to a
steam bath, and digest for 1 hour. Allow to cool
for 5 minutes. Add another 5 ml of 1M tin(II)
chloride solution, and transfer to a 50-ml volu-
metric flask, using 2M hydrochloric acid as the
wash and for dilution to volume. Allow the sol-
ution to stand for 30 minutes before measuring
the absorbance at 470 mu.

NOTES:

The method described here consists essentially of three
steps: sample preparation, ion exchange separation and
spectrophotometric determination. It is readily adapted
to routine procedure and is elementary and less time-
consuming than the cation application (A) as it requires
only one fuming instead of three, control of the acid in
the feed is not so critical, prior removal of uranium

is not necessary, and separation from plutonium is ef-
ficient.

¢:9) Kartunen, J.0. and Evans, H.B., Anal. Chem.,
32, 917 (1960). :
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C. Spallation Product Separation’

Proceduré 15
Target Material: Ruthenium"
Type of Bombardment: Protons

Procedure by: Glle, Garrison and Haﬁiltdn}'J. Chem. Phys., 19,
' L1428 (1951). :

Yield: 80-90%
Separation Time: 7-8. hours

Decontamination: 103

Procedure:

(1) Fuse the ruthenium powder with 10 gms Na,0, in a
nickel cruclble at 300°C for 30 minutes.> fny
Te produced 1s lost in this step. :

'(2) Dissolve the fused mass inlaqua regla with heat-
ing and centrifuge the 1insoluble material out.

(3) Make the solution basic with KOH, heat to approx-
imately 100°C and pass Cl, gas .through the solu-
tion to volatilize Ruou. Collect the dilstillate
in 6M NaOH. . e '

(4) After all the Ru has been distilled out as evl-
denced by the color of the distillate fractions,
centrifuge the residual solution. ' The Ni(OH)2
precipitate carries about 95% of the rhodium.

(5) Wash the precipitate with water and dissolve -in
a minimum volume of dllute HNO,. Add 5 mg
Fe(III) and preclpitate Fe(OH); by addition of
NH,0H. The rhodlum carrles qugntitatively on the
prgcipitate+¥hile the nickel remains in solutlon
as_Ni(NH3)6 . :

(6) Reprecipitate the Fe(OH). twice to remove all the
nickel. Then dissolve tﬁe final precipltate in -
6N HC1l and extract the iron with ethyl ether.

(7) Evaporate the équeous phase contalning HC1 and :
the rhodium to dryness on 50 mg NaCl and dissolve
this quantltatively in 5 ml of distilled water.’

I. Modification by Ellis and Choppin, Unpublished data.

(A) In step 5, Rh may not coprecipltate with
Fe(OH),. Saturation of the solution with
Cl be}ore preclipitation with NHMOH ensures
coSrecipitation of the Rh.
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Procedure 15 (cont'd)

(B) The Fe(III) is more rapidly and more complete-
ly removed in step 6 by passing the 6N HC1
solution through a small bed of Dowex-l anion
resin, The Fe(III) will adsorb much more
strongly than the Rh which elutes rapidly.

II. Modiflcation by M., Lederer, Anal. Chim. Acta,
8, 134 (1953).

Some brown residue in Rh due to unextracted Fe(III)
is always found after step 6. This may be re-
moved with paper chromatography as follows:

(A) The mixed Fe(OH), and Rh(OH)., precipitate
is dissolved in é few drops 8f HCl and placed
on a band of Whatman No. 1 filter paper.
This is develcoped with a mixture of 20 ml
butanol and 10 ml concentrated HCl., Fe tra-
vels with the liquid front while Rh remains
in the R, 0.1 region. Cut out the radio-
active band and extract the Rh repeated with
small quantities of 2N HC1l, then evaporate
to dryness. The dry sample has approximately
the same residue as the 2N HCl used for ex-
traction.

Procedure 16
Target Material: Silver
Type of Bombardment: Gammas to produce (Y’a )

Procedure by: de Laboulaye and Beydon, Compt. rend., 239,
411 (1954).

Procedure:

(1) Dissolve the silver target in HNOB.

(2) Add 10 mg Fe(III) as Fe(NO,), with NH, OH.
Rh coprecipitates, Ag rema§n§ in solution.

(3) Dissolve the precipltate in HNO3 and repeat
the precipitation three times.

() Dry the hydroxide, cursh it to a fine powder
and mount this powder for counting.
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Procedure 17
TargetIMateriai: Silver (20 gms )
T&pe of Bombardment: Protons—HEOIMev.
Procedure by : L. Marquez, Phys. Rev. 95, 67 (1954)
‘Procedure:

(1) Dissolve the target in HNO, and add 2 mg each of
Sr, ¥, Zr, Nb, Mo, Ru, Rh,”Pd, and Cd as carriers.

(2) After long boiiing, dilute the solution with

H20, precipltate the Ag with HC1l and filter.

(3) Precipitate the Pd with dimethylglyoxime (DM@)
by adding 20 ml of 1% aleohol solution of DMG and
neutralizing in part the excess of acid.  Centrl-
fuge the solution and decant the supernatant
liquiqd.

() Evaporate the supernatant to near dryness; then
- strongly fume with a mlxture of HClou, NaBiO3
_and H3P°u to evaporate the Ru. _

(5)  Purify the Rh by pyrldine extraction as described
o in Procedure 4. '

(6) Alternatively,® after step 4, evaporate with
H,80, to fumes of S0,, add 20 ml of water
(aauﬁiously after coaling and preclpltate Rh as
the metal by addition of TiCl,. Wash the Rh metal
with dilute H,SO,, then H,0. “Transfer the Rh
- metal slurry Eo g zapon_backing, and dry under a
heat lamp. ’

*# L. Marquez, Phys. Rev. 92, 1511.(1953)._

Procedure 18
Target Material: Palladlum Foll
Type of Bomﬁardment: Fasf Neutrons
Procedure by: -Bafo, Seelmann-Eggebért and Zabala, %Z. Naturforsch,
10e, B0 (1955). -
Procedure:

(1) Dissolve the target foill 1n HNO3 to which Rh,.Rh,

and Ag carriers have been added:

(2) Precipltate the AgCl with HCl and filter.
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Procedure 18 (Cont'd)

(3) Add Ca(OH), untll the solution 1s almost neutral,
then with ﬁeating, add Ca(N03)_2 solution to pre-
cipitate Ca2Rh(NO3)6

(4) After filtering, dissolve the precipitate in HC1,

add more Ru and Pd carrier and reprecipitate the
Ca Rh(NO ) salt.

(5) Again filter and dissolve .the precipitate in HC1,
dilute with H,0 and add Ag+ and precipltate AgCl
until activit§ 18 no longer carried down in the
AgCl preclpitate. Fllter the solutlion.

(6) Precilpltate Rh as the metal by addition of a

_solution of TiCl3 to the filtrate.

Procedure 19
Target Material: Pailadium or Sllver Foll
Type of Bombardment: Deuterons and Fast Neutrons

Procedure by: Baro; Seelman—Eggebert and Zabala, International
Conf. on Peaceful Uses of Atomic Energy, 7,176 (1955).

Yleld: 50-60%

Separation Time: Approximately 1 hour

Decontaminaticn: <.05% of original activity of Impuritites
remaining

Procedure: (For Pd Foil)

(1) Dissolve target 1n a small volume of concentra-
ted HN03.

(2) Add 20 mg Rh(III), 10 mg Ru (III), 10 mg Ag(I)
and precipitate AgCl with KC1l and filter.

(3) Partially neutralize the filtrate with NaOH and
: add KNO2

(4) Bring solution to the boiling polnt to precipitate
K Rh(NO )6’ cool and filter.

(5) Dissolve precipitate in HCl, and again add Ru(III)
- and PA(II) carrilers.

(6) Repeat K. Rh(NO )6 precipitation twlce more.

(7 Using Ag(I) carrier and KCl preciplteate AgCl
untll the precipitate no longer carrles any act-
ivity down wilth 1it. )

(8) Precipitate Rh as the metal by addition of TiCl3
solution. _
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Procedure 19 (Cont'd)

(For Ag Folil)

(1)
(2)

(3)

Dissclve silver target 1n HNO3 to which 30 mg
‘Rh(III) and 10 mg PA(II) have been added.

Precipitate Ag with KCl1l untll AgCl precipitate
no longer carrles down any actlvity.

Continue from Step 4 above.

Procedure 20

Target Material: Rhodium Foil

Type of Bombardment: Cockcroft-Walton Accelerator

Procedure by:

- (1)

(2)

(3)

(4)

(5)

G. M. Iddings, Lawrence Radlation Laboratory,

- University of Californla, Livermore (1964)

Welgh the Rh metal foll. Place ~ ten times the
Rh weight of blsmuth metal in a No. 0 porcelailn
crucible. Add the Rh foll and fill the crucible
A2/3" full with Norit A (decolorizing carbon).
Heat the crucilble over a Flsher burner a few
minutes at full heat. Cool and wash out the
carbon,

Dissolve the Rh-Bl alloy 1n conc. HNO_ in a
beaker. Boil Just to near dryness. - add'some
conc, HCl1l and boll to low volume to destroy all
of the nitrate. ’ ’

Take an allquot of this solutlon such that one
has ~ 20 mg of Rh in it. Make the solution ~ - -
6 M in HC1 and 1-2 M in HI. (Use the HI without
the H3P0 preservatIve in 1t). Make the aqueous
layer-~ 30 ml. Put it into a 60 ml ecylindrical
separatory funnel. Add ~ 40 ml of hexone and
extract the Bl into the organlc layer. Dilscard
the organic layer and reveat the hexone extract-
lon twice adding a ml of conc. HI each time.

The solutlon must not be hot or even warm when
the HI is added or the RhI. starts to ppt. Dis-
card all organlc layers. ?These contalin BiI3).

Boll the agqueous layer in a 125 ml Erlenmeyer
flask for ~ 20 mlnutes to ppt. the Rhl_.
Centrifuge and wash the ppt. with.:6 M Bci.

Dissolve the ppt. in 3 ml of cone. H Soq by
heating to fumes of SO,. Cool and aad A~ 2 ml

of 6 M HCl. Boli to reduce lodates. Add 1 ml
each of cone., HNO, and conc. HC1l0,. Heat to SO3
fume., Cool, diluée the H,SO, with water and

~ electrodeposlt the Rh on E Pt plate, using ~

40 ma overnight.
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